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SHOCK-RESISTANT SAFETY LENSES* 


By CHARLES D. OUGHTON 


Battelle Memorial Institute 


i empered glass that will withstand considerable phys- 
ical and thermal shock has received much publicity in 
recent years under trade names which tend to emphasize 
its increased strength as compared with annealed glass. 
Little has been written, however, on the method of treat- 
ing the glass to increase its strength. This paper attempts 
to present, in simple form, the procedure for tempering 
glass and an explanation of its behavior during, and 
after, tempering. One of the more common applications 
of tempered glass is in lenses for safety goggles to pro- 
vide protection to the wearer’s eyes in hazardous occupa- 
tions where there is danger from flying chips and stones 
which might cause injury'. The application of the tem- 
pering procedure to such lenses (about 50 mm. in diam- 
eter and 3 mm. thick) permit) a means for a convenient 
explanation and descripti.  f the process and theory 
involved. Although the general principles will remain 
the same, the details will differ with the size and shape 
of the glass object. 

Tempering glass involves a heat treatment which is the 
opposite extreme to annealing glass. Annealing usually 
consists of heating the glass to a temperature near the 
softening point to remove the strain, and then cooling 
slowly over a period of hours, or days, to prevent the 
setting up of internal stresses. In tempering, the glass is 
heated to a similar temperature, but cooled rapidly over 
a period of seconds, or minutes to introduce stresses in 
a controlled manner. 


Historical Notes on Tempering 


Early attempts in tempering were made about 1870. 
Francois Barthelmy Alfred Royer de la Bastie, of France, 
procured one of the first patents in 1874°. His method 
of tempering was a forerunner of the tempering pro- 





*Data for this paper was developed at the time that Mr. Oughton was 
associated with Bausch & Lomb Optical Company. 

1T. A. Walsh, “Detenderizing Glass,” Scientific American, 171, 73 
(1944). 

2U. S. Patent No. 6972. 

3P. H. Prausnitz and E. Berger, “Bedeutung und Missbrauch der Be- 
zeichnung ‘Hartglas,’’’ Glastechnische Berichte, 11. 195 (1933). : 

4U. S. Patent No. Re&399. 

5U. S, Patent No. Re8400. 

6U. S. Patent No. 248,674. 

7U. S. Patent No. 176,067. 


cedure now used in heat treating many irregular glass 
articles, After heating the glass to a temperature near 
the softening point, he plunged it into a liquid bath 
at a considerably lower temperature. It was believed by 
these early experimenters that they were “hardening” 
the surface of the glass, rather than introducing strain. 
The term “hardening” is often used today but is really 
a misnomer*, Many who are unfamiliar with the process 
of tempering still interpret the phenomenon as “a hard- 
ening of the glass surface.” Experiments have indicated 
that tempering introduced no appreciable change in the 
resistance of the surface to scratching, and the process 
should thus not be confused with the case hardening 
of metals. 

Frederick Siemens, of Germany, secured a patent in 
1875, in which he claimed tempering by applying 
pressure*, The patent reads, “New manufacture . 
which consists of glass subjected, while in a heated con- 
dition, to pressure in or between molds for the purpose 
of rendering it capable of resisting. . . .” thermal and 
physical shock. This procedure apparently combined the 
tempering and pressing operations, While pressing the 
glass into the desired shape, it was probably tempered 
due to chilling from the molds. Siemens realized this in 
a later patent” in which he definitely shifted his claims 
to tempering by cooling, rather than tempering by ap- 
plying pressure. He presented a method of tempering 
by variation of rate of contact cooling. To cool the molds 
in contact with the glass, he used air or water. Siemens’ 
third patent®, in 1881, described the use of flat plates 
for cooling or tempering irregular articles by filling in 
the irregularities with sand. The sand was then brought 
into contact with the flat plates which were again cooled 
by a medium such as air or water, 

The tempering process was applied to wine glasses 
and lamp chimneys, in 1876, by George E. Rogers of 
Massachusetts. His patent’, describes a special form to 
hold thin glass articles in shape, as they were heated to 
near the softening temperature, before being chilled for 
tempering. Roger used steam, compressed air, or any 
pulverized granular substance for the cooling medium. 

In the same year, Hugh O’Neill, of New Jersey, pro- 
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Fig. 1. (a) Shows the strain produced in an annealed lens by a clay particle or 
stone which was embedded in the lens during pressing; (b) is the same lens 
with pressure applied at the points indicated by the arrows. The white area is 
These photographs and all others 


the strain introduced by squeezing the lens. 
showing strain were made with polarized light. 


cured a patent which described the tempering process in 
the “Glory Hole’*®. Glass articles to be tempered were 
heated in a basket and then “dunked” into two different 
cooling baths, the second bath at a lower temperature 
than the first. Due to the lack of theory in the process 
of tempering at that time, O’Neill probably did not 
‘realize the possibilities of his method. The theory has 
been recently explained in patents on a similar process 
issued to Littleton, Lillie, and Shafer, in 1942°, Here, 
an attempt is made to control the degree of strain intro- 
duced ino the glass during tempering. 

Some of the earliest applications of tempering as an 
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Fig. 2. L 

industrial process were probably carried out by Dr. 
Schott, of the Jena Glass Works, in 1892. At that time, 
tempered lamp chimneys, street lamp covers, and labo- 
ratory glassware, were announced that would resist con- 
siderable thermal and physical shock. In recent years, 
the process of tempering has been extended to cover 
many more items. Before examining the tempering pro- 
cedure in detail, however, it might be well to make sev- 
eral general observations concerning glass. 


Tempering Procedure Applied te Safety Lenses 


Glass expands when heated. The fractional amount by 
which it expands per degree temperature rise is known 


8U. S. Patent No. 178,797. 
9U. S. Patent Nos. 2,285,595 and 2,285,596. 
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us the coefficient of expansion. 
coefficient varies with the compog. 
tion of the glass. For example, 
glass having a relatively low per. 
centage of silica has a high coeffig. 
ent of expansion, while glass wi 
a high silica content has a low co¢ 
cient of expansion. If one sectioy 
of a plate of glass is raised to a re. 
tively higher temperature than the 
surrounding or adjacent glass, th 
heated portion expands. The ther 
mal gradient of the heated glass to 
the surrounding glass, with a cor 
responding change in dimensions, in. 
troduces stresses, and when the 
stresses exceed the tensile strength 
of the glass, a fracture occurs, Glags 
having a low coefficient of expansion 
will permit a greater temperature 
gradient for a given amount of stress 
than will a glass with a high coeff. 
cient of expansion. 

The first step in tempering glass, or a glass article, is 
to heat the glass to a temperature slightly below jt 
softening point. The temperature is dependent upon the 
type of glass to be tempered. Borosilicate crown glass 
has a high softening temperature, and thus must be 
heated at a higher furgace temperature for a given length 
of time than dense flint glass which has a low softening 
temperature, and thus must be heated at a lower furnace 
temperature for the same length of time. The temperature 
of the furnace used in heating the glass must be nearly 
equal to the softening temperature of the glass to be 
tempered, The higher the furnace temperature, the more 
rapidly the glass obtains its softening temperature, Al- 
though a furnace temperature near the softening tem 
perature of the glass requires a longer heating period, 
the glass heats more uniformly, leaving a lower tem- 
perature gradient from surface to surface, than if a 
higher temperature in the furnace had been used. The 
furnace temperature is also governed by the permissible 
surface distortion on the glass article. As the glass 
reaches the softening temperature, its mass causes sag- 
ging and introduces distortion of the surface. Thus, the 
longer the heating time for proper tempering, the more 
slowly the temperature of the glass approaches the dis- 
tortion temperature, and the more accurately the distor- 
tion can be controlled. Remembering that the temperature 
of the glass should be nearly constant throughout, a 
longer heating time permits the heat distribution to re- 
main nearly uniform, yet gives ample chance to re- 
move the glass from the furnace before the surface 
becomes distorted. Long heating periods, however, are 
not desirable in production, and it becomes necessary 
to use a compromise, 

Having reached the desired temperature without dis- 
tortion, the glass is quenched or tempered by contact 
with some cooling medium such as a liquid, gas, or 
solid. Any liquid used should have a fairly high boiling 
point. Cool liquids produce too great a thermal shock 
(depending upon the mass and the dimensions of the 
glass) and are likely to cause fracture. Thus, oil, saline 
solutions, tar, pitch, bitumin, resin, molten metals, al- 
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Fig. 3. Typical break patterns of 50 mm diameter, 3 mm thick flat tempered lenses. 
tively, show the change of the pattern with increasing shock resistance. 


fractured with a smaller steel ball in the drop test. 


loys, glycerine, collodion, etc., have been found to work 
satisfactorily. Air is one of the most easily obtainable 
and satisfactory gases. 

Any metal or granular solid may be used for temper- 
ing. The amount of metal contacting the glass surface 
should be such as not to cause the glass to fracture be- 
cause of thermal shock. The surface area of the metal 
contacting the glass depends upon the relative tempera- 
tures of the glass and metal. The purpose of the cooling 
medium is essentially to conduct the heat away as rapidly 
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(a), (b), (ce), and (d), respec- 


(d) and (e) were slightly over-tempered and 


as possible and introduce strain into the glass in a con- 
trolled manner without causing fracture of the glass. 


Strain Conditions in Tempered Glass 


The effect of tempering may be noted in the resulting 
birefringence or strain conditions in the glass. Brewster, 
in 1813, observed that glass behaves as a uniaxial nega- 
tive crystal when under anisotropic strain. Anisotropic 


strain makes the glass birefringent or doubly 


refracting. 


This may be illustrated by squeezing, bending, or twist- 


ing a glass bar while held between crossed polaroids 
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Fig. 4. (a) Maltese cross pattern usually found in air tem- 


pered with safety lenses. (b) Cross-section of 


a tempered 


strip of glass showing the areas of compression and ten- 


.tion. The arrow indicates the neutral zone. 
line is tension and outside is compression. 
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Fig. 5 


(Fig. 1). Hyperstatic pressure, however, produces iso- 
tropic strain, and should cause no birefringence. 
Consider a plano lens, such as a saftey goggle lens, 
free from stress and at a uniform temperature. When 
the two faces are heated the glass expands. The outside 
layers, being hotter than the inside, will tend to expand 
more and will be placed under longitudinal compression 
by this difference in expansion. The longitudinal stress 
will change continuously from a compression at the sur- 
face to a tension at the center. Thus, at a certain distance 





Fig. 6 


below the surface there will be a neutral zone with no 
stress. If this same lens were to be cooled instead of 
heated, one would observe similar forces but of the op- 
posite sign—tension on the outside and compression in 
the center. 

One may thus conclude that a temperature gradient 
produced in a lens by heating will place the outer layers 
in a state of compression, and a gradient produced by 
cooling will give rise to tension. Also, if a temperature 
gradient exists in a lens free from stress (at a tempera- 
ture above the softening temperature of the glass) and 





10L. H. Adams and E. D. Williamson, “The Annealing of Glass,” 
Journal of the Franklin Institute, 190, 597 (1920). 


11J. T. Littleton, “Toughened Glass,”” Glass Industry, 23, 223 (1942). 
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the temperature gradient is removed by holding the sur- 
face at some lower constant temperature, stresses should 
be produced which were equal and opposite in sign to 
those which would result from the establishment of the 
same temperature gradient”®, 


When tempering a lens, the glass is first heated to a 
temperature at which all stress introduced by the heating 
will disappear without the surface becoming distorted. 
This temperature occurs below the softening temperature 
and above the annealing temperature of the glass. When 
the glass has reached the desired temperature, a tempera- 
ture gradient is introduced by chilling the surface. Be- 
cause the glass is slightly plastic, no stress accompanies 
the gradient until the glass reaches room temperature 
where the temperature gradient is removed and the glass 
is left in a state of stress, as described above. This is 
the same as saying that when the hot glass is suddenly 
cooled, the outer region solidifies over an expanded, 
hot central region. As the central region is cooled to 
room temperature, it cannot contract to its normal dimen- 
sion because of the solidified but expanded outer sur- 
face of the glass. This leaves the center under tension, 
and the outer layers under compression. Remembering 
that in untempered glass, fractures originate at surface 
flaws when the tension around the flaw exceeds the tensile 
strength of the glass, it is apparent that the state of 
strain introduced into the glass by tempering should in- 
crease its resistance to thermal and physical shock. Be- 
fore the tensional stress at the surface can exceed the 
tensile strength of the glass (after tempering) it must 
counteract the compressional stress which has been intro- 
duced over the complete surface. Thus, a more severe 
shock is required to fracture tempered glass than un- 
tempered. 


Unless the cooling is carefully controlled and applied 
symmetrically, the tempering process may not serve its 
purpose, It is important that particular attention be given 
to the balancing of the tension in the glass’! or intro- 
ducing the strain in a symmetrical manner, This is ac- 
complished entirely by the rate and manner in which 
the glass is cooled from the molten state to the room 
temperature. The customary arrangement for chilling 
a lens is shown in Fig. 2. Air is blown from the nozzles 
(N) onto the lens surfaces (L). A typical safety lens 
(shown in cross section) is about 50 mm, diameter and 
3 mm. thick. Any method of cooling both surfaces sym- 


(Continued on page 142) 


THE GLASS INDUSTRY 












sur- 
ould 
n to 


the 


to a 
ting 
ted. 
ture 
hen 
era- 
Be- 
nies 
ture 
lass 
s is 
nly 
led, 
to 
len- 
ur- 
on, 
ing 
ace 
ile 


in- 
Be- 
the 
ust 
&ro- 
re 


ed 


en 
0- 
iC- 


ch 


es 
1s 


id 


] 


The annual report to the stockholders of the Hartford- 
Empire Company was made as of February 1, 1946. 
Accompanying this report was a notice of the annual 
meeting to be held on February 25, a copy of proposed 
new by-laws to be voted on at that meeting, a financial 
statement as of December 31, 1945 and “A Brief History 
of Hartford-Empire Company”. 

The proposed by-laws provide for some modification 
in the holding of stockholder meetings, the appointment 
and duties of the Directors, the appointment of commit- 
tees, election of officers, etc. 

The financial statement presents a balance sheet show- 
ing considerable detail and seems to indicate that the 
company is in a satisfactory condition notwithstanding 
the extensive ligitation in which it has been engaged for 
several years. It is the first complete independent state- 
ment submitted to the stockholders since December 31, 
1941, One item of particular interest is the statement 
that the company has $1,374,318.93 invested in three 
partly or wholly owned subsidiaries. As shown by the 
report, these are Corhart Refractories Company, The 
Thaw Insulator Company and The Plax Corporation, the 
last two being manufacturers of plastics. 

In this detailed review many facts, more or less well 
known, are given starting with the appointment on 
September 1, 1942 of James A. Shanley as Receiver re- 
sulting from the Toledo trial. The receiver continued in 
full charge of the company up to November 30, 1945 
during which time the Board of Directors was entirely 
inactive. During Mr. Shanley’s receivership, the sur- 
pius of the company was increased by nearly three mil- 
lion dollars. On October 30, 1945, the Court approved 
the payment to the company of over eight million dollars 
which had been withheld from royalties by Mr. Shanley 
at the Court’s direction. 

In commenting on affiliated companies, it is noted 
that Plax Corporation has been active in the war effort 
and is expected to show a substantial profit for 1945. 
This company, however, has paid no dividends since all 
profit, has been plowed back into the business. 

The Hartford-Empire Company has plans for expan- 
sion under way which may run as high es $750,000. 

A new Board of Directors was lately elected and for 
the first time in its history, the company is under the 
complete direction of Hartford residents. 

In touching upon the Toledo decision, the report states 
that it is as yet uncertain whether the company will be 
allowed to collect a royalty for the use of machines built 
by other manufacturers the same as it would if the 
machines were built by Hartford. This decision puts 
certain restrictions on the acts of the company, most of 
which are well known, but it is pointed out that the only 
products restricted in anyway’ are feeders, forming 
machines, stackers and lehrs. 

Another result of the court’s decision concerns the 
charge by Hartford for operating and engineering serv- 
ices. Formerly these services were performed without 
additional cost to the licensees and were considered cov- 
ered by the then existing royalty payments. However, on 
the order of the court, due to the decreased rate of roy- 
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alty, operating and engineering service will be charged 
to glass container manufacturers as a separate item. 

Suits now pending under the anti-trust laws are listed 
as being brought by Turner Glass Corporation, Glen- 
shaw, Obear-Nester and Charles R. Tips, formerly of 
Three Rivers Glass Company. Most of these suits are 
also directed against other companies. 

In addition to the above, there are two suits based on 
the so-called “Clarke Article”, which appeared in a trade 
paper some twenty years ago. One of these suits was 
brought by Shawkee Manufacturing Company, Glenshaw 
Glass Company, McKee Glass Company and George R. 
Haub. The other suit, asking for the cancellation of 
certain Hartford patents, was filed by the United States. 

Under the heading “Research and Development,” ref- 
erence is made to a number of projects now under way. 
These include a new model glass feeder, a new forming 
machine, a tempering process, an electronic device for 
testing glassware for defects and new glass compositions. 
Another line of research is directed to the handling of 
glass containers in the packing houses in an attempt to 
support the use of glass in competition with tin. 

The Hartford organization is now comprised of 462 
employees and it is anticipated that this number will 
have to be increased to handle the business now in sight. 

Taken as a whole, the annual report is of great inter- 
est, not only to Hartford stockholders but to the glass 
manufacturing industry in general. 

The pamphlet reviewing the history of the company 
traces its development since its inception in 1912 when 
the Hartford-Fairmount Company was formed. In 1922, 
the name was changed to Hartford-Empire. 

Early in the 1890's, the hand made jars used by the 
Beech-Nut Packing Company were far from satisfactory. 
This company secured the services of a Hartford firm of 
engineers—Lorenz & Honiss. Eventually, a young engineer 
by the name of Karl E. Peiler, employed by the firm, 
was given the job of finding a way to make better jars. 
Finally, after years of hardship and near-bankruptcy of 
the young company, Peiler produced what was known 
as the “paddle feeder”. The first real commercial pro- 
duction by this feeder was at the plant of the Monongah 
Glass Company of Fairmount, West Virginia, in 1916. 
In due course, this feeder was superseded by a plunger 
feeder and later by the well known single feeder. 

As for forming machines, the company first produced 
a milk bottle machine which, in conjunction with a 
Hartford feeder, increased production from eight quart 
bottles per minute to twenty-four. Then followed a press 
for making jars, a narrow neck machine, a press and 
blow machine, the I. S. Machine and some others. Other 
improved equipment brought out include lehrs, batch 
chargers and miscellaneous machinery used in the manu- 
facture of glass. 

The booklet gives an interesting account of the devel- 
opment of the company which will be enjoyed by old 
time glassmen, as well as newcomers. It is to be 
hoped that other companies, both glass manufacturers 
and machine manufacturers, will publish similar histo- 

ries for general distribution. 
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Vv. Possibilities of Increasing the Strength of 
Matter by Prestressing the Surface 
Under Compression 


In a previous paper,”’ a survey was made of the vari- 
ous methods used in glass technology to prestress a sur- 
face layer under compression. For this purpose the 
methods were divided into three main groups: (1) Ther- 
mal method. Chilling the glass by contact with metal, 
oil, water, dr an air blast. (2) Mechanical methods. 
Combining two glasses in a casing operation which have 
different a. expansion (Schott) or b. setting temperature 
(Smirnova). (3) Chemical methods. Decreasing the 
coefficient of expansion of the surface layer by a reac- 
tion taking place at elevated temperature. a. Reaction 
with furnace gases (Murgatroyd, Peddle), b. Base ex- 
change (Leibig), c. Dealkalizing with metakaolin ( Wil- 
liams and Weyl), 

‘A similar subdivision could be made for metals. The 
thermal method of chilling is known and practiced to a 
certain extent, but is not the most common way to 
improve fatigue endurance. Of greater interest in this 
respect are the chemical methods, such as nitriding and 
carburizing. These processes also provide a prestressed 
surface layer, and Almen attributes much of their bene- 
ficial effect to this fact. Of course we cannot overlook 
the possibility that the structural and chemical change 
of the nitrided and carburized metal probably will have 
a greater influence on the mechanical properties, such as 
hardness, than the dealkalizing process has on those of 
glass. As a matter of fact, the two processes are not 
exactly identical in their mechanism. In the case of 
metals the chemical processes introduce new atoms, 
nitrogen and carbon into the surface layer. Even if 
the nitrided or carburized metal had the same thermal 
expansion as the untreated one, compression would re- 
sult from the volume increase due to the additional 
atoms forced into the surface layer. ° In glasses the 
chemical methods are carried out under temperature 
conditions where viscous flow can eliminate major lo- 
calized stresses. The compression results from the dif- 
ference in thermal expansion rather than from the vol- 
ume changes in the surface layer. The exact analogy 
could be produced in glasses by forcing additional con- 
stituents into the surface or by replacing small ions. 
such as Na* by larger ones, such as K* or T1*. It would 
be necessary, however, to carry out this reaction in the 
temperature range where structural rearrangement is 
improbable. We know that it can be done to a certain 
extent by. means of electrolysis. 

We also know that the opposite effect exists; namely, 





*Director of Glass Science and Professor of Glass Technology, The 
Pennsylvania State College, State College, Pa 
*Personal communication to the writer. 
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THE MECHANICAL STRENGTHS OF GLASS 


By W. A. WEYL* 


Glass Science, State College, Pa. 


PART Util 


the weakening of glass by replacing Na’ by the smaller 
Li* by means of a base exchange reaction. 

The reaction of a soda-lime glass with a fused lithium 
salt produces a surface layer under tension. The detri- 
mental effect which such a surface layer under tension 
has on the strength of the glass, has its perfect analogue 
in certain electroplated metals. Machine parts are some- 
times electroplated for improving their corrosion resist- 
ance and surface hardness. Cases have been reported” 
where such a thin coating produces fatigue failure of 
fast-moving parts such’ as crankshafts. J. O. Almen* 
explained this strange influence on the basis that electro- 
deposited metal films can be under very great tension. 
Since the work of Stoney® it is known that nickel dep- 
osition on steel can produce warpage because nickel 
films were found in tension stresses of nearly 20 
tons/sq. in. 

W. Hume-Rothery and M. R. J. Wyllie investigated 
the influence of the bath temperature on the stress dis- 
tribution of chromium plated steel. Under carefully 
controlled conditions, it is possible to produce a chro- 
mium film free of stress. Slight deviations from these 
optimum conditions however cause the chromium to be 
under tension. At a bath temperature of 65°C the ten- 
sion stress reached a maximum of 110 tons/sq. in. 
From this work it that chromium 
plating may produce very easily a surface layer pre- 
stressed under tension, a stress distribution which as 
we learned decreases the static strength of brittle and 
the fatigue strength of ductile materials. 


becomes obvious 


It seems that the methods used with glasses which 
aim at a surface layer of lower coefficient of expansion 
are not practiced by metallurgists. 

By far the most frequently used method of bringing 
the surface layer of a metal into a state of compression 
is cold working; that means the application of pressure 
to the surface by hammering, rolling or shot-blasting. 
These methods are based on the ductility of metals and 
cannot be applied in this form to glass, at least not at 
room temperature. There is no obvious reason, how- 
ever, why shot-blasting or rolling should not produce a 
surface compression if carried out in a temperature 
range sufficiently high to overcome the brittleness of the 
glass but low enough to avoid complete dissipation of 
the stress which this mechanical operation must 
introduce. 


In order to successfully apply one of these mechanical 
toughening processes to glass, one would have to modify 
the shot-blasting or rolling operation in a way to suit 
the low temperature-brittleness of glass. In the early 
stages the treatment should be mild and applied at 
relatively high temperature so that fatal local tension 
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stresses will be avoided. Once the surface is suf- 
ficiently prestressed under compression, the treatment 
can probably be intensified and the temperature may be 
lowered. 

The amount of ductility that is required to overcome 
brittleness depends (according to Almen) on the amount 
of yield which is required to reduce local tension stresses. 
If the surface is sufficiently compressed, local yielding 
is not required and, therefore, non-ductile materials 
will not be brittle. 


How to determine the stress distribution: 


For the glass technologist studies on strain and stress 
distribution are intimately associated with the use of 
polarized light. Glass technolugists are in the very for- 
tunate position to make the internal stresses directly 
visible and measure them to a certain extent. The evalua- 
tion of stress patterns is not simple, but space diagrams 
have been derived for such complicated cases as stresses 
produced by lead wires sealed in lamp sockets. 

The metallurgist has to be satisfied with determining 
the over-all effect of the internal stresses on the shape 
of the article. If he wants to know how much compres- 
sion a metal surface has accumulated as the result of 
a certain cold working operation, he has to apply the 
identical treatment to a thin flat strip of the same metal. 
The flat strip to be rolled or peened is attached to a 
heavy base during the operation. Afterwards it is re- 
moved from this base and it will be found to be curved 
with the convex surface on the cold worked side. The 
curvature of the strip is then measured by a dial indi- 
cator and can be interpreted in terms of the depth of 
the stressed layer. In order to learn the magnitude of 
the stress as a function of the depth, Almen™ developed 
a method according to which the cold worked surface of 
the strip is honed away in small increments and the 
curvature is measured after the removal of each thin 
layer. By means of this method, J. O. Almen was able 
to prove that nitriding and surface peening produce a 
very similar stress pattern. In Fig. 11 the compression 
stress measured in 1000 PSI is plotted as a function of 
the depth. 

In the field of glass technology it is not common prac- 
tice to use the deformation or the radius of curvature 
as a means to identify stresses. The ceramist uses this 
method when dealing with opaque ceramic glazes or 
enamels where the material does not permit the use of 
the polariscope. The Steger Method*' for measuring 
stress in fired ceramic ware is based on this principle. 

With glasses the radius of curvature has been used by 
C. D. Spencer® to determine the progress of stress re- 
lease in glass fibers floating on mercury. The traditional 
ring test made in the glass plant for determining whether 
or not two glasses can be cased is based on the same 
principle, but its primary purpose is to deduce the rela- 
tive thermal expansion of two glasses. 















































Influence of the stress distribution on the strength: 





As pointed out in a previous paper’, there must 
exist an optimum for the depth of the prestressed layer. 
A surface skin which is too thin is easily scratched 
through during normal use and, therefore, worthless. 
If, on the other hand, the compressed layer is too deep. 
it requires too much internal tensile stress for balancing 
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its compression. The weakness of “over toughened” 
glass has its analogy in the failure of metals whose 
peening or nitriding has been overdone. Plotting the 
fatigue strength of metals as a function of the peening 
intensity, one obtains curves which go through a maxi- 
mum (Fig, 12).« 

Almen” reports the breakage of a part, which at the 
point of failure had a diameter of 44 inch and had been 
nitrided to a depth of 0.02 inches. Thus, the nitrided 
area was 60% of the area of the cross section and its 
compression had to be balanced by a tensile stress of 
equal total value to be carried by the remaining 40% of 
the cross section. The same care, therefore, must be 
used in nitriding thin sections to gage the depth of the 
nitrided layer in proportion to the thickness of the sec- 
tion as in toughening thin walled glasses. 

Almen emphasizes the importance of controlling the 
compression stressed layer as to stress magnitude and 
depth by proper selection of the rolling or peening in- 
strument and by the pressure which is applied. In 
glasses a certain control can be exercised by the degree 
of chilling. The precise amount of surface compressive 
stress that is required for obtaining optimum fatigue 
strength of a metal part is known for a few specimens 
only. It varies with the shape and section thickness of 
the machine part, with the hardness and with the kind 
of metal being treated. 

Concerning the stress distribution in toughened glass, 
especially the depth of the surface zone under com- 
pression and its influence on the tensile strength, atten- 
tion shall be called to the calculations made by J. T. 
Littleton and F. W. Preston.** They are based on the 
principle that the optimum stress distribution is one 
which causes the limiting strength of the interior and 
that of the surface to be reached simultaneously when 
the mechanical pull is applied. Treating the toughen- 

ing of glacs as a merely mechanical phenomenon these 
authors assumed that a flaw at the surface can be ex- 
tended by one half the force necessary to extend a cor- 
responding flaw present in the interior of the glass. The 
calculations lead to a theoretical curve for the strength 
of glass as a function of the central tension produced 
by the quenching. Theoretically, the best possible heat 
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treatment of the glass would make it 3-4 times as strong 
as well annealed glass. 

We know that this value has been exceeded in prac- 
tical tests, which means that one cannot calculate the 
influence of the depth of the prestressed surface layer 
on the strength on a mere mechanical basis. The as- 
sumption made by the authors that the work to extend 
a surface flaw equals one-half of that required to ex- 
tend a flaw in the interior has to be modified because it 
does not include the participation of the chemical re- 
ii, action. 

How the distribution of the stress rather than its abso- 
lute value affects the strength of a certain part can be 
judged from the observation that internally nitrided 
cylinder barrels used for storage of compressed gases 
are more prone to fail by cracking than untreated ones. 
The reason is that in this case the stress due to nitriding 
is added to the stress from the gas pressure. This is 
analogous to the behavior of the chilled heavy walled 
glass bottles, which are known under the name of 
Bologna Flasks. Their exterior withstands the rough- 
est mechanical treatment but they explode to dust when 
scratched by a grain of sand on the inside. 

There are hopes that the new method of producing 
surface compression by dealkalizing the glass surface 
makes it possible to locate compressional stresses wher- 
ever they are most beneficial. By changing the time and 
temperature of the treatment the absolute stress and its 
depth action can be localized and controlled to an ex- 
tent which has not been possible in the past. This new 
process might, therefore, be used to learn more about 
efficient stress distribution, a knowledge which in turn 
will undoubtedly help to improve the strength of glass 
and the fatigue endurance of metal parts. 






































VI. The “Anomalous” Strength of Glass Fibers 





The problem which is most frequently cited in order 
to point out the erratic behavior of glass in respect to 
strength properties is the abnormally high tensile 
strength of fine fibers. 

Table II gives the results of Griffith’s tests. The diam- 
eters are expressed in thousandths of an inch and break- 
ing stresses in pounds per square inch. 
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TABLE II 
STRENGTH OF GLAss FIBERS 





Diameter Breaking Stress Diameter Breaking Stress 
in in in in 


0.001 Inches Lbs./Sq.In. 0.001 Inches Lbs./Sq. In. 
40.00 24,900 0.95 117,000 
4.20 42,300 0.75 134,000 
2.78 50,800 0.70 164,000 
2.25 64,100 0.60 185,000 
2.00 79,600 0.56 154,000 
1.85 88,500 0.50 195,000 
1.75 82,600 0.38 232,000 
1.40 85,200 0.26 332,000 
1.32 99,500 0.165 498,000 
1.15 3.700 0.130 491,000 





In reality it is not correct to call the high strength 
values of fine fibers abnormal, because their strength is 
exactly what one would expect from theoretical calcu- 
lations. To explain the high strength values of ex- 
tremely fine fibers, one does not have to look for phe- 
nomena which are supposed to add strength to the glass 
like orientation of molecules at the surface (Griffith), 
or a diphasic nature of the glass (Murgatroyd), but 
one has to explain why these fibers are not subjected 
to those influences which ordinarily decrease the strength 
value for a lath, rod or bottle. 


Looking at the problem from this angle one has to 
answer the question: Why is the strength of fibers not 


impaired by flaws in exactly the same way as that of 
rods or bottles? 


In our previous discussions, we have seen that the 
weakness of the glass is partly due to the effect of sur- 
face flaws which propagate under tension. If we elim- 
inate those flaws, a glass can be easily strengthened by 
a factor of 4 to 5. But even after the elimination of 
the surface weakness, the bulk of the glass is weak as 
compared with the strength which one would expect 
from the interionic attraction forces. This is due to the 
internal flaws which act as stress raisers. Not all flaws 
or imperfections are equally dangerous. Even for a 
given shape of flaw the effect on the strength depends 
greatly upon its direction in respect to the strain. This 
can be proven mathematically and can be demonstrated 
with the help of a polariscope. An elongated elipsoid 
bubble is least dangerous when its longer axis is in the 
direction of the tension, and its weakening effect in- 
creases with the angle it forms with the direction of 
tension. 

The influence which the direction of the flaw in re- 
spect to that of the tension exerts on the strength can be 
easily demonstrated by using a paper strip as a model. 
J. Bailey®, who devised this experiment, used it even for 
evaluating the influence of the size of a flaw and its 
angle with the direction of tension on a semiquantitative 
basis. 

Normally a glass will have its flaws randomly dis- 
tributed. In the case of tubings, rods or drawn sheet 
glass, there should be some orientation. Such orienta- 
tion necessarily reflects on the strength value and indeed 
W. Mangler™ could establish that the direction of draw- 
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ing has a definite influence on the strength and the 
shape of fracture of window glass. 

If that is true for the slowly drawn window glass, it 
is not surprising that the extremely deformed glass fiber 
has its flaws oriented in a way which makes them least 
harmful. 

Another factor to be considered is the size of the test 
specimen. The high values were found for fibers of 
10°* cm. diameter. If one compares these fibers with 
the specimens ordinarily used for measuring the strength 
of glass, one finds that the volumes under tension are 
varied in a ratio of the order 1:10,000,000. 

The problem also involves the detrimental influence 
of crevices or cracks in the glass surface. Major flaws 
are absent because the fiber has an ideally fire polished 
surface. It is well known, however, that exposure to 
the atmosphere or, more so, touching the fiber with 
the hand greatly reduces its strength value. 

Another important difference between the testing of 
the fiber and that of a rod is caused by the rate of appli- 
cation of the load. Because of the ratio of the cross 
sections, one has to take into consideration that a cer- 
tain testing instrument used on fibers of decreasing 
diameter increases the rate of loading, if the worker 
does not take special precautions to compensate for this 
variation. The effect of rapid loading has been dis- 
cussed before; it eliminates the reaction with the en- 
vironment and thus raises the experimental value of the 
tensile strength. 

We now have three major reasons which account for 
the fact that the strength of glass fibers comes much 
closer to the theoretical strength than that of any other 


form of test specimen. a) The volume under tension is 
extremely small, so that the chances for including a dan- 


gerous flaw are practically nil. The orientation makes 
the minor flaws still less effective. b) Freshly drawn 
glass fibers have a “fire polished” surface in a state of 
compression. This and the small size of the surface 
area exclude the most dangerous type of flaws, surface 
scratches. c) The rapid rate in which the load is ap- 
plied when a very thin fiber is tested, eliminates the 
time consuming process of corrosion which, with other 
samples, materially contributes to their weakness. 

Another factor which must affect the strength of a 
glass fiber is its thermal history. The extremely rapid 
chilling produces a modification of the glass which is 
instable in respect to a sample which has been annealed. 
The higher energy content of the “high temperature 
modification” of the glass expresses itself in the differ- 
ence of its properties, such as higher electric conduc- 
tivity, lower density and lower refractive index. 

There are good reasons to assume that such a modi- 
fication must be weaker than the stable one because a 
part of the work necessary to separate the glass-forming 
units has been done already. For crystalline modifica- 
tions the relations are more complicated because the 
variation in crystal structure changes the gliding planes. 
For glass as an amorphous substance, however, it is 
obvious that the instable modification, with its higher 
energy content, must have a lower tensile strength than 
the “compacted” annealed form, Recent determinations 
of the modulus of elasticity of glass fibers point in this 
direction. Murgatroyd® found that the chilled glass 
fiber has a lower modulus of elasticity than the bulk 
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glass from which it was drawn. He also found that 
annealing the fiber increases the modulus of elasticity 
so that it approaches its normal value. 

The weaker structure of the chilled glass, however, is 
counter-balanced by two other factors working in the 
opposite direction. The stress distribution which causes 
the glass surface to be in a state of compression and 
the higher mobility of the units of the chilled glass. 

The less dense “packing” or the “higher degree of 
dissociation” produces a greatly increased atomic mo- 
bility. Even for chilled bulk glass, the temperature 
where the atomic rearrangement becomes possible is 
lowered several hundred degrees. It is highly probable, 
therefore, that the extreme chilling of thin fibers pro- 
duces some mobility at room temperature. This mobility 
would have an effect similar to the creep in metals; it 
would help to eliminate the most dangerous stresses by 
surface diffusion or flow. 

Heating fibers to 250°C. greatly impairs their strength. 
This seems to indicate that the two last named factors, 
prestressed surface area and increased atomic mobility, 
predominate over the weakening effect which the instable 
structure produces. 

The strength of the highly chilled glass fibers declines 
above 250°C. due to the stress release which makes the 
surface layer vulnerable and restores “normal” bulk 
glass properties. The temperature coefficient of the 
strength below this range, especially between room tem- 
erature and +150°C, might be positive or negative, de- 
pending on which influence predominates. 

The argument that it is primarily the small volume of 
the glass under test which accounts for the high strength 
value of fine fibers recently has received additional ex- 
perimental evidence. H. E. Powell and F. W. Preston® 
developed a test for determining the “microstrength” of 
the glass without using drawn fibers. For this purpose 
a hard steel ball is pressed upon a glass surface until 
the surface breaks. This fracture can be heard as a 
faint “click” and has the form of a pressure cone. Due 
to the deformation of the steel ball and the glass surface 
under pressure, both are in contact over a finite circu- 
lar area instead of the theoretical point of contact of 
sphere and plane. Under this condition, the area sub- 
jected to maximum tension is a tiny annulus surround- 
ing the contact circle. The highly stressed cone is very 
narrow radially and does not extend deeply into the 
glass before the crack actually forms. 

The microstrength values obtained by the new method 
on large glass specimens are strictly comparable in 
magnitude with those obtained on thin fibers. The ex- 
periments of Powell and Preston seem to support the 
assumption that the strength of fibers is due largely to 
their small volume. 

Recent work on the strength properties of glass fibers 
by F. O. Anderegg®™ brings out the fact that the strength 
values do not only increase with decreasing diameter, 
but also with decreasing length of the fiber. 

Anderegg studied the effect of the glass temperature 
on the diameter of the fiber and its strength. Under 
comparable conditions, that is the same size of the orifice 
or rod, increasing glass temperature causes the fiber 
diameter to increase. - Nevertheless, the tensile strength 
of the glass increases, too, despite the volume of the 

(Continued on page 150) 
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to Market New Forming Machine. 


I. a recent announcement R. R. Underwood, President 
of Knox Glass Associates, Inc., states that a new com- 
pany, to be known as the Knox Glass Machine Cor- 
poration, has been formed for the purpose of manufac- 
turing and distributing the new Knox-W-D bottle ma- 
chine. Headquarters of the new organization will be in 
Knox, Pennsylvania, and will be under the direction of 


J. D. Lynch. 


The new bottle forming machine is the invention of 





H. C. Daubenspeck 


S. E. Winder H. A. Youkers 


Henry C. Daubenspeck and Samuel E. Winder, both 
of whom have been well known in the glass business 
for many years. Early in 194] these men interested Mr. 
Underwood in the development of a continuous high 
speed bottle machize which was built and thoroughly 
tested during the years 1942 to 1944, inclusive. 


It was originally intended to finish blow the bottle 

















































































THE KNOX-W-D BOTTLE MACHINE 


Head of Knox Glass Associates, Inc., Announces Formation of Company 





Headquarters to be in Knox, Pa. 


in neck down position, but this was found to be imprac- 
tical. Resulting from this change in design, a novel invert 
mechanism was developed which, instead of transferring 
the parison by the neck rings or tongs, engages the bot- 
tom of the parison by suction applied through the bottom 
plate. 

The machine is of single turret construction having 
ten blank molds on a lower level and ten blow molds 
on a higher level. The parison is blown upwardly in the 
blank mold against a bottom plate having vacuum con- 
nections so that when the blank mold is opened, the bot- 
tom plate lifts the parison and at the same time inverts 
it, thereby delivering the parison in upright position 
to the blow mold at the upper level. The parison is full 
length of the blow mold which contributes to stability 
of operation. 

Speeds obtained on this machine are said to be excel- 
lent. In one instance, bottles previously made at 39 per 
minute were made at the rate of 6544 per minute. It is 
anticipated that the new machine will produce 100 bot- 
tles per minute of 4-ounce capacity and between 3 and 
3% ounce weight. This high speed requires a special 
take-out which is provided. It also requires double 
stacking at the lehr. 

With regard to operating the machine, the manufac- 
turer states that it is possible for one operator to view all 
important operating stations from one vantage point. The 
stations include the feeder, opening and closing of blank 
molds and the discharge station, 

The Knox-W-D Machine occupies about 90 sq. ft. of 
floor space. Wind must be provided 
of not less than 10,000 cu. ft. at 14 
in, pressure and vacuum at about 
800 cu. ft. per min. displacement. 

With regard to the marketing of 
the new machine, Mr, Underwood 
states that, “It is planned that the ma- 
chines will be licensed and leased to 
the glass container industry, a royalty 
being assessed, the charges for which 
will be comparable to that charged 
by others who conduct a similar busi- 
ness in the glass container forming 
machine field.” 

The Knox-W-D Machine is in op- 
eration at the plant of the Seaboard 
Glass Bottle Company, an associate 
of the Knox group, and it is further 
stated that glass manufacturers who 
wish to inspect the machine at the 
Seaboard plant may make arrange- 
ments with Mr. Lynch to do so. 

Credit for the development of this 
machine is given to Messrs. Winder 
and Daubenspeck and Harold A, 
Youkers. 
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ELASTI-GLASS CASE RETURNED TO F. T. C. 
BY U. 8S. APPEALS COURT 


Federal Trade Commission can appeal decision to United States 
Supreme Court. Unless reversed, case must be started all over again. 


Avvother phase of the case of S. Buchsbaum & Co, vs. 
the Federal Trade Commission has just been closed. The 
Buchsbaum company manufactures various products 
made of vinylite, a synthetic resin, and these products 
were marketed under the trade name of Elasti-Glass, 

Some four years ago, the Federal Trade Commission 
instituted proceedings against S. Buchsbaum & Co. in an 
efiort to prohibit the use of the name, Elasti-Glass, hold- 
ing that this name implied that the product, a synthetic 
resin, was made of or contained glass. About a year ago, 
after extensive hearings, the Commission entered a cease 
and desist order against the Buchsbaum company and 
it was from this order that S. Buchsbaum & Co. entered 
an appeal to the United States Circuit Court of Appeals 
in Chicago. This Court has sustained the Buchsbaum 
appeal and returned the case to the Federal Trade 
Commission. 

The judgment of the Circuit Court in sustaining the 
Buchsbaum appeal is based on the fact that the F. T. C.’s 
original trial examiner in the case died during the hear- 
ings and after he had heard a portion of the testimony. 

Over the objection of the Buchsbaum company, the 
Commission then appointed a substitute trial examiner 
and directed him to take up where his predecessor had 
left off, allowing the testimony previously given to re- 
main a part of the record. 

The hearings then proceeded to their conclusion and 
the Commission reached its decision upen the basis of 
the testimony heard by both trial examiners. This de- 
cision resulted in an order requiring S$. Buchsbaum & Co. 
to cease and desist from representing that its product 
was made of glass, either through the use of the trade 
name, “Elasti-Glass”, or in any other manner. 


The Buchsbaum company, in seeking a review of this 
order of appeal to the Circuit Court of Appeals, con- 
tended that the Commission had erred in several respects 
and, among other things, it renewed the contention that 
upon the death of the first trial examiner, the proceed- 
ings should have been commenced anew. It is on this 
procedural point that the Buchsbaum position was up- 
held by the Circuit Court of Appeals. 

Summarizing the action of the Court, its order may 
be interpreted as follows: 

1) Before the issuance of an order against the Buchs- 
baum company, it was entitled to a “hearing” before the 
Commission. 

2) An essential element of such “hearing” is that all 
of the testimony should be heard by one trial examiner. 

3) When the first trial examiner died, the testimony 
introduced before him should have been ignored by the 
Commission and an entirely new proceeding should have 
been conducted before the second trial examiner. 

4) The Commission’s action in appointing a substi- 
tute trial examiner during the course of the proceedings 
deprived the Buchsbaum company of the “hearing” 
essential to the issuance of a valid order. 

It would thus appear that the Court’s decision turned 
solely upon a question of procedure in the conduct of 
Federal Trade Commission proceedings. There was, 
accordingly, no occasion for the Court to pass upon the 
merits of the case and it did not decide the basic issue. 

Unless the Federal Trade Commission should appeal 
to the Supreme Court of the United States and that Court 
should reverse the decision of the Circuit Court of 
Appeals, the matter is back before the Federal Trade 


Commission to be started all over again. 





WHITEMARSH LABORATORY 
ADDS TO STAFF 


Eight additional researchers have joined the staff of 
almost 100 at the Pennsylvania Salt Manufacturing 
Company’s Whitemarsh Research Laboratories in the 
expanded post-war research program, 

The new staff members are Dr. Martin Leatherman, a 
former Major in the Chemical Warfare Service Tech- 
nical Command; Robert H. Tiers, formerly with Pratt 
and Whitney Aircraft Corp.; Dr. W. J. Knapp, formerly 
with North American Cement Co. and recently in the 
U. S. Navy; Glendon B. Kyker, formerly with Hooker 
Electrochemical Co.; H. A. Kraftson, formerly with E. I. 
du Pont de Nemours & Co.;. Frederick D. Loomis, re- 
cently released from the U. S. Army; Peter Zappasodi, 
chemist at Penn Salt’s Philadelphia plant; and E. J. 
Nolan, formerly with Rohm and Haas Co, 

Dr. Leatherman will be in charge of development and 
evaluation of new and improved textile chemicals at 
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Whitemarsh. Mr, Tiers will be in charge of the Special 
Chemicals Sales Service Laboratory and development 
work in new and improved metal cleaners and related 
materials. Dr. Knapp will work on development and 
evaluation of ceramic chemicals. 


INTERNATIONAL NICKEL OPENS 
NEW CANADIAN SECTION 


The International Nickel Company of Canada, Limited, 
announces the formation of a Development and Research 
Section at 25 King Street West, Toronto, Canada. 

The function of this new Section will be to extend to 
Canadian industry a complete consulting and technical 
service on metal problems. The Canadian Section will 
be closely allied with and have available to it, the facili- 
ties of the United States and British Division. 

This Section of the company will be staffed by Dr. 
Gordon S. Farnham, A, S. Tuttle and H. J. Butterill. 
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CENSUS BUREAU RESUMES RELEASE 
OF GLASS INDUSTRY DATA 


Na since the 1939 Census of Manufacturers has the 
Bureau of Census of the Department of Commerce re- 
leased detailed information on the volume of glass pro- 
duced, the melting capacity of the industry, fuel and 
power use, and, with the exception of a few specific 
chemicals, the consumption of primary batch materials. 

Although the statistics, originally collected in co- 
operation with the War Production Board and withheld 
from publication under wartime security regulations, 
cover the period dating back to 1941 and half of 1942, 
it is felt that they will be found useful inasmuch as they 
provide the only comprehensive data of its kind since 
1939 Census. 

The four tables accompanying this report show con- 
solidated figures and cover the producers of all types of 
glass. The Bureau of Census further states that, in sub- 
sequent releases, it is planned to show more detailed fig- 
ures for groups of plants classified by major types of 
glass produced, such as flat glass, containers, etc. It is 
hoped that with such detailed data, a more accurate rela- 
tionship between consumption of raw materials and the 
production of particular types of glass can be established. 
In releasing this information, the Bureau states, how- 


'The original mailing list covered 278 establishments, which are ac- 
counted for as follows: 224 are covered by this release; 26 were out of 
business by 1941; 25 were excluded because they were fabricators rather 
than producers of primary glass or because they were engaged in experi- 
mental work only; and $ did not submit reports. 

*Three divisions of one establishment here considered separate plants 
were considered as one plant in 1939. 


ever, that the application of Census rules to prevent 
the disclosure of operations of individual companies will 
be carefully observed. 


With regard to the thoroughness of coverage obtained 
in this survey, the Census Bureau states that all establish- 
ments known or believed to be producers of primary 
glass were canvassed and that virtually complete cover. 
age was secured, All but three of the concerns surveyed 
submitted reports and, based on information available in 
July 1942, it is apparent that these three concerns pro- 
duced negligible quantities of glass. Therefore, their 
omission from the report has no appreciable effect on 
the accuracy of the data. 

The statistics shown in Tables 1-4 are based on reports 
from 224 plants.' This total includes 205 of the 231 es- 
tablishments classified as producers of primary glass in 
the 1939 Census of Manufacturers,? 12 establishments 
which produced glass as secondary products in 1939 and 
were not classified as glass producers, 3 plants which 
were excluded from the 1939 Census because their value 
of product was less than $5,000 and 4 plants which be- 
gan operations after 1939, Twenty-six of the 231 pri- 
mary glass plants operating in 1939 were no longer op- 
erating in 1941. Inclusion of data for the four new 
plants does not affect the comparability of the 1939 sta- 
tistics and those in this release; the 15 plants included 
here but not in the Census reports have only a slight 
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TABLE 1.—PRODUCTION OF GLASS BY KIND IN PRIMARY 
GLASS PLANTS IN THE UNITED STATES, 1941 AND 
FIRST HALF OF 1942 


(In short tons) 





é4 Production 
KIND OF GLASS EY a 

; First half 

Total, 1941 of 1942 


271,092 


106,662 
21,746 
30,411 
54,505 





Window glass 474,775 


Rolled glass, total 269.908 
Configurated 39,471 


Wire 52,350 
Rough and polished plate 178,087 


Structural glass (block and other structural 
glass) 33,119 
Laminated glass ! 137,285 


285,720 


15,13] 
15,635 
Tableware, total 136,339 
Machine made 37,287 112,598 


Handmade 48,433 23,741 


OE” i SR eee 1,130 525 

Tubing (fluorescent, electrical, and other) . 42,887 25,337 

Electric lamp and radio bulbs and other 
lighting glassware 


79,566 38,524 
Lenses, other than optical 


16,730 5,858 


Heat resistant glass, total 66,358 33,713 
Oven and top of stove 34,552 22,472 
Chemical 8,703 5,916 
Electrical and other industrial 23,103 5,325 


Containers 3,307,061 1,876,434 
Optical and ophthalmic glass............ 5,452 3,898 
Other glass products 174,881 79,194 


1 Includes quantities made in glass producing companies only. 





Table 2—MATERIALS USED IN THE MANUFACTURE OF 
FINISHED GLASS, CLASSIFIED BY TYPE OF MATERIAL, 
1941 AND FIRST HALF OF 1942 








CONSUMPTION 


Unitof Total, _ First half 
measure 1941 of 1942 


PRIMARY BATCH MATERIALS: 


Aluminum hydrate and alumi- 

num oxide Tons 6,179 3,768 
Arsenic, trioxide $ 5,184 2,456 
Boric acid 6,599 4,267 
Borax 17,669 9,523 
Borax, dehydrated 6,224 4,685 
Limestone 417,804 246,551 
Lime, burnt and hydrated 212,537 103,297 
Sodium silico fluoride 3,706,875 2,150,009 
Cryolite 452 
Litharge 2,029 
Red lead 518 
Potassium carbonate 5,212,317 
Soda ash 558,767 
Sodium bichromate 44,909 7,219 
Sodium nitrate (nitre)......... Pounds 21,918,614 8,738,623 
FE NRA bk ich sie. sig GV ip one Tons 48,988 23,706 
Silica sand 3,131,788 1,671,823 





BATCH MATERIALS 





SECONDARY BATCH MATERIALS: 


Chrome, oxide, green 7,351 
Copper oxide, red 19,531 
Copper oxide, black 47,881 
Manganese dioxide 1,248,753 
Nickel oxide 47,583 
Tin oxide 36,972 14,226 
Titanium oxide 34,022 26,568 
Zine oxide 3,932,130 1,579,834 


37,617 
11,930 
28,874 
460,282 
25,502 
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Furnaces 


Patent No. 2,394,893 has been assigned by Wilbur F. 
Brown to Libbey-Owens-Ford Glass Company. This 
patent discloses a stirring device for mixing glass as it 
comes from a continuous tank. This mechanism is use- 
ful with any kind of glass, but it was developed particu- 
larly for use with opal glass. 

In the past no difficulty has been encountered in mak- 
ing sheets of opal glass which were cast and rolled and 
then fire polished. The color of this material was of high 
commercial standard. However, when there was a need 
for sheets of opal glass which were ground and polished, 
it was found that the color which was satisfactory before 
grinding became streaked with off-color markings which 
made the glass.commercially unsatisfactory. It was 
finally discovered that this was due to lack of homogene- 
ity in the glass as it came from the tank, which was not 
apparent until after the surface had been removed by 
grinding. In order to overcome this difficulty the pres- 
ent invention provides a novel stirring mechanism for 
use in the fining end of a tank. 

As shown in Fig. 1, there is a melting end 10 and a 
working or fining chamber 11. The molten glass 13 is 
melted as usual and then it passes through a dividing 
wall 15, which is provided with a narrow opening 16 
connecting the two chambers. A skimmer 17 is pro- 
vided to hold back the surface of the glass. The glass 
passes from the fining end 11 through an outlet 19 for 
the forming operation. Two openings 24 and 25 are 
provided in the sides of the fining chamber for the pur- 
pose of observing the glass and to permit access to the 
inside of the pool. 

A stirring implement 28 projects through the open- 
ing 24 and a driving mechanism is provided (not shown 
in the figure) for giving this implement the desired 
movement. The stirring implement 20 comprises a pair 
of pipes one above the other, of which the pipe 30 can 
be seen in the drawing. The outer ends of the pipes 
are divided to form arms 32 and 33, which have down- 
wardly projecting stirring legs 34 and 35. This stirrer is 
provided with cooling means which not only enables it 
to withstand the heat but also act to cool the glass. 

The actuating mechanism for this stirrer is arranged 
to reciprocate the stirrer transversely of the fining cham- 
ber and at the same time to traverse the stirrer from the 
front to the rear of the fining chamber. The paths of the 
two stirring legs 34 and 35 are indicated by dotted lines 
in the figure. It will be observed that this stirring action 
covers substantially the entire surface of the fining cham- 
ber, It is stated that this method of stirring has proved 
so successful that it is now being regularly used for the 
manufacture of opal glass known as “Vitrolite’” when 
being made in ground and polished sheets. 


Feeding and Forming 

Patent No. 2,393,265, issued on the application of 
Richardson, Newcombe and Laidig, was assigned to 
Westinghouse Electric Corporation. The patent relates 
particularly to the manufacture of electric light bulbs. 
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The patent avoids the moil which has been usual in 
making lamp bulbs, which has to be returned to cullet. 
It employs a flowing stream of glass instead of gobs 
or suction as in the Westlake Machine, thereby avoiding 
the shear scar so often found. 

The machine employs a mold made in two parts, a 
top portion which collects the flowing stream and a bot- 
tom portion which oscillates while the bulb is being 
formed. A separator is provided below the top portion 
of the mold to support the glass from the flowing stream. 
When a sufficient amount has collected, the separation is 
withdrawn, allowing the collected glass to sag and to be 
blown into the lower part of the mold. 

A series of about sixty-four molds 68 are mounted on 
a continuously rotating table, a section through one of 
these moldheads being shown in Fig. 2. Each mold com- 
prises a top portion 69 and a bottom portion 70. The 
two portions are separated by a retractible plate 120. 
As shown in the figure, a stream of molten glass 172 is 
collected in the upper mold portion of the mold, being 
supported by the plate 120. When a sufficient amount 
has collected, the flow of glass is stopped and the plate 
120 is withdrawn by the lever 123, which is actuated 
by a cam 127, 

When the lower mold 70 is moved radially inward, it 
is connected with an oscillating device comprising the 
parts 106, 100, 109, 110 and so forth. In this position, 
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Libbey-Owens-Ford Stirring Mechanism, Pat. No. 
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cap screw 31. The plunger 20 has « 
central opening provided with a bush. 
6 ing or shearing ring 32. This shearing 
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Fig. 2. Westinghouse Bulb Machine, Pat. No. 2,393,265. 


a plunger 133 is lowered by means including a roller 
152 and cam 16 to initially form the blank. Thereafter 
compressed air passes through the tip of the plunger to 


blow the bulb. 


In order to stop the flow of glass to the upper part 
of the mold, a roller mechanism may be provided and 
an air jet may be provided to blow the stream to one 
side if it is desired to stop the machine without stopping 
the flow of glass. 

A number of references are made to prior patents and 
publications for information useful in connection with 
this machine and method. 

Patent No. 2,393,549 issued to Owens-Illinois Glass 
Co. on the application of C. W. McCreery of Muncie, In- 
diana, relates to a glass press which will produce a 
piece of ware having an opening in its bottom, Such an 
article might be in the form of a bowl having a central 
opening in the middle of the bottom which has hereto- 
fore been unusual in manufacture at a single pressing 
operation, 

As shown in Fig. 3, a press plunger 20 is arranged 
to press glass in a mold 15 in the usual manner, In 
the bottom of the mold is an anvil 30 held in place by a 
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r ring cooperates with the anvil 30 to 

osama cut an opening in the bottom of the 
ware being made. 

Within the central opening in the 

plunger 20 is a secondary plunger 35 

arranged for a yielding movement with 

relation to the plunger 20. This yield. 


ing movement is provided by a bolt 38, | 


46 washer 40 and springs 39 and 41. The 
arrangement is such that when the 

"thy, plunger 20 descends to press the mold 

we charge, the anvil 30 cooperates with the 

shearing ring 32 to cut a central open- 
ing in the bottom of the article being 
formed. 

135 Patent No. 2,394,116 has been as- 
signed by Harold H. Snyder and Ed- 
ward H. Bennett to the Forter-Teich- 
mann Company of Pittsburgh. This 

3 patent relates to the manufacture of re- 

_f..41 Sg flectors for headlights and more par- 

aw a ticularly to the means for forming the 

yy necessary openings in the base of the 

reflector, of which there are usually 
three. 


As shown in Fig. 4, the reflector R 

has been formed in any suitable press 

but preferably in a press which is dis- 
closed in a copending application filed 
146‘ on the same date as was the present pat- 
ent. This press shown in the other ap- 
plication forms three opposed inden- 
tations from the inside and from the 
outside of the reflector. These indenta- 
tions do not form a continuous opening 
but they are separated by thin septa 45. 
The article is placed in a support 42 and three burners 
carried by the burner box 44 are brought into position 
to heat the septa 45. After the septa have been brought 
to a softened condition, the burners are lowered as shown 
in the lower part of the figure and a blowhead 43 having 
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Fig. 3. Owens-Illinois Press, Pat. No. 2,393,549. 
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nozzles corresponding to the three openings is brought 
into position to blow the septa downwardly to form three 
bubbles 46, which are blown until they break. The 
burner box 44 is then lifted again to fire finish the three 
openings to give a smooth surface. 


Glass Compositions 


Patents No. 2,393,448; 2,393,449, and 2,393,450 owned 
by Corning Glass Works, were issued on the applications 
of William H. Armistead, Jr. 

They all relate to glass useful as an insulating medium 
in electrical condensers for radio circuits. The desired 
characteristic of each of these is a power factor less than 
0.07% as measured at a frequency of one megacycle at 
room temperature. They also call for a dielectric con- 
stant between 4 and 8. 








Patent No. 2,393,448 gives six examples of its com- 
position, given in percent by weight of the batch, as 
follows: 

Example 1 2 3 4 5 6 
Be srieickosk si2 oe. Se: SCS 
Me teisccir 20 20 20 0 50 2» 
BO sheen te witclc't « vio 40 40 40 20 30 30 
OP OR eer a re ca ae on 10 
BME ok wie 55060050 5 10 15 10 10 10 
Power factor percent. .069 .065 .063 .050 .057 .060 
Dielectric constant ... 6.85 yp Saar & 5.4 6.2 7.5 
Temp. coeff. P.P.M. 

7 Rey 2° 9 0 #270 8 «9 
Softening temp., °C... 570 615 658 786 500 600 
Expansion coeff. 107 47 465 45.6 34 58 47 





Patent No, 2,393,449 has the same general object. This 
composition is said to have a temperature coefficient of 
less than 100 parts per million per degree centigrade. 
Most glasses do not come up to this standard. 

Eight examples of this composition are given in the 








patent, these also being given in percent by weight 
of the batch. These are as follows: 

Example 1 2 3 4 5 6 7 8 
TES SaaS He eee nD DR 2 DBD D BD .310- 10 
OEE ing. e's etaravareig vs Sw EB BSB BC. ew 10 
DES ete cdwisguss << io. Be @8 2D BB DBD BR 
RISE RS asl = om Re ne an @ 3 os 
EMSs Se Scciescc st és nea é% pare te id * 10 
Power factor, percent. .056 .048 .048 .048 .045 .070 .045 .045 
Dielectric constant ... 44 48 50 53 50 60 45 48 
Temp. coeff. P.P.M. 

NY Tew ines osn 4.0-5' 70 70 70 70 70 80 64 7 
Softening temp., °C.. 550 563 580 600 628 744 797 555 
Expansion coeff. 107 72 71 70 68 57.9 54.3 395 71 





Patent No. 2,393,450 also has the same general object 
but with some distinguishing characteristics, Eight ex- 
amples of this composition are given, as follows: 











Example 1 2 3 4 5 6 7 8 
ae ee ee ee ae 7 2 Oe a Re sD 
UE vos inp snide cae 0 SS 0 hh. UCDO 5 10 
ERS Rare re - Se oe ae ee ee ee ae 
WP cece sss aes Peo ee ae ae We 
| SE a 30 =—330 &. 6 -20..-2> 15-. 0 
WP atten das oc ts coche és > ei we Pe ‘ i 10 
Power factor, percent. .070 .067 .045 .060 .067 .064 .058 .065 
Dielectric constant ... 7.13 7.35 45 55 61 62 5.1 7.1 
Temp. coeff. P.P.M. 

RTE non oheta ca 99 9 64 70 80 80 .75 90 
Softening temp., °C... 650 688 790 798 667 645 525 642 
Expansion coeff. x 107 50.9 50 37 39 495 478 67 51 
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In all of these examples the power factor was meas- 
ured by the method known as ASTM-D-150-42T as given 
on page 1148 et seq. of the ASTM standards for 1942. 

Patent No. 2,394,502, 
disclosing a composition 
for making opal glass, 
has been assigned by 
Woldema: Wey] and Nor. 
bert J. Kreid] to Mon. 
santo Chemical Company. 
Heretofore it has been the 
usual practice to produce 
opal glass by the inclu- 
sion of cryolite or sodium | 
silico fluoride in the 
batch, thus making what 
is known as fluoride opal. 
Bone ash has also been 
used as an opacifying 
agent. These composi. 
tions, however, had cer- 
tain undesirable qualities. 














These inventors have 

. Fig. 4, Manufacture of Head- 
found that a more satis- light Reflectors, Pat. No. 
factory opal glass may be 2,394,116. 


obtained by the use of 
fluorine which produces a fluorapatite opal glass, 

The following table gives three examples of such 
compositions, and the fourth column gives the preferred 
range of the ingredients. 








Composition of Glass Preferred 
Constituent 1 2 3 Range 
Percent Percent Percent Percent 
ERS > Sea 59 56.8 62 154.66 
pe OS eee 3 3.4 5.0 0-6 
NasO + K2O ...... 15 15.8 14 12-17 
SE a Sin Pisin ated soe § 6.2 10 0-12 
Sa eee es 5 18 0 0-4 
MR ig och a wdaigicos 5 4.0 0 0-5 
Lup eae ae bead ta 5 3.0 4.0 2.5-5 
ME ca Gib natewans 0 75 0 (2) 
Pe ere 0 1.0 0 0-1 
| RRR 5 IS 5 7.25 5.0 4-9 
100 100.00 100.0 





1In borosilicate glasses less. 
From 0 to about 50 in borosilicate glasses. 


Patent No. 2,394,493 has been assigned by Robert A. 
Schoenlaub to Owens-Corning Fiberglas Corporation. 
The object of this patent is to produce fine glass fibers 
for intense colors, which has not heretofore been suc- 
cessfully accomplished. This inventor has found that in 
order to obtain the same apparent color in glass fiber 
as is shown in the bulk glass, the color density in the fila- 
ment must be about two hundred times that of the glass 
in bulk. Otherwise, bulk glass which may have the de- 
sired color will result in fibers white or nearly so. By 
this invention a glass composition is provided which will 
produce strongly colored fibers from a bright henna 
to red brown, dark brown, and black. This result is ob- 
tained by the use of vanadium oxide. Sample com- 
positions for producing various colors are shown in the 
following table: 

(Continued on page 148) 
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Studies in the Distribution of Temperature 
through Molten Glass in a Tank Melting Furnace 


Part II of this study deals with the effect of iron oxide 
and its state of oxidation on heat transmission and is pre- 
sented in the June, 1945 issue of the Journal of the So- 
ciety of Glass Technology by Halle and Turner. 

The abstract of this paper follows. The effect of both 
total iron content and of the proportion of the ferrous 
oxide in that total on the temperature distribution 
throughout a mass of glass heated at the surface in a 
laboratory scale tank furnace was systematically studied 
by comparing results for twenty-two glasses. The small 
tank was divided into two parallel compartments which 
ran down the tank in the direction of the flame. One 
compartment was charged in every measurement with the 
colorless parent glass of percentage composition SiO, 
73.5, Al,O, 1.5, CaO 8.9, Na,O 16.0 and Fe,0, 0.07; the 
other contained the derived glasses obtained by the pro- 
gressive addition of iron oxide (Fe,0,) up to a maxi- 
mum of 3.75 per cent. The ferrous oxide content, ex- 
pressed as a percentage of the total iron, in the series of 
glasses was varied from 7.6 to 68.5 per cent, this varia- 
tion being brought about partly by altering the total iron 
oxide, partly by melting and heating the glasses under 
conditions varying from oxidizing to strongly reducing. 
All the tests were carried out under controlled conditions 
involving the consumption of 12 cu. ft. of town gas per 
minute. 

The determination of the temperature gradient from 
the surface downwards showed that 1) for any specific 
melting conditions (oxidizing, neutral or reducing), the 
ratio of the ferrous to the total iron oxide as Fe,O, de- 
creased with increase in the total iron oxide content; 
2) although heated side by side in the same furnace, 
the surface temperature of the colorless glass was 
always lower than that of the colored, the difference 
increasing with increase in the total iron oxide con- 
tent and with the proportion of the ferrous oxide 
in that total; 3) the temperature gradient, based 
on the difference between the temperatures at 3 and 
4 inches depth, respectively, increased with increase in 
total iron oxide (Fe,O,) content and with rise in the 
ratio of the ferrous oxide to the total oxide. Thus, the 
temperature gradient increased from 9° to 110° C. per 
inch as the total iron oxide (Fe,O0,) rose from 0.25 to 
3.0 per cent for a constant FeO ratio of 20 per cent, and 
from 35° to 80° C. per inch as the ferrous oxide ratio 
rose from 19 to 63.5 per cent in glasses of constant 0.5 
per cent total iron oxide (Fe,O,) content; 4) no linear 
relationship existed between either the total iron oxide 
or the proportion of ferrous oxide and the temperature 
gradient, showing that the transmission of radiation 
through iron oxide-containing glasses when molten is not 
governed by Beer’s law any more than is the case for the 
glasses at normal atmospheric temperature; 5) an in- 
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crease in either the total iron oxide content or the pro- 
portion of the ferrous oxide present in the glass reduced 
the heat lost through the bottom of the tank. Thus, the 
respective temperatures at the inside and the outside face 
of the bottom were 1260° and 490° C. for a glass con. 
taining 0.29 per cent total iron oxide, of which 24 per 
cent was present as FeO, whereas for a glass containing 
2.96 per cent total iron oxide, of which 26.4 per cent 
was present as FeO, the corresponding temperatures were 
820° and 265° C.; similarly, the respective bottom tem- 
peratures for a glass containing 1.04 per cent total iron 
oxide, of which 13.2 per cent was present as FeO, were 
1120° and 418° C. as compared with 873° and 282° C. 
for a glass containing 1.00 per cent total iron oxide, of 
which 52.5 per cent was present as FeO; 6) under iden- 
tical conditions of full consumption, whether in parallel 
compartments in the same tank or in separate tanks of 
identical dimensions, any specific refractory material will 
always suffer greater corrosion at the flux line the higher 
the total iron oxide, or the higher the proportion of that 
total present as ferrous oxide, in the glass. This is a 
direct consequence of the increase in the absorption of 
radiation, resulting in increase in temperature in the 
surface layers of the glass. 


Attack on Refractory Clay 
Pots by Optical Glass 


Optical glass is manufactured at the Bureau of Stand- 
ards in refractory clay pots, each of which holds from 
1,000 to 2,000 pounds. The pots are placed in melting 
furnaces and held at temperatures between 1350° and 
1450° C. for 8 to 20 hours. Reactions always occur un- 
der these conditions along the pot-glass interface. These 
reactions may become of sufficient magnitude to affect 
the quality of the glass and to seriously damage the pot, 
which in some instances may fail to hold the glass, Con- 
sequently, a study was made of samples of pot bottom 
before and after the production of glass to determine the 
manner and extent of attack on the refractory by optical 
glasses of different compositions and to identify the 
accompanying reaction products. The results of this 
study are reported in a paper (RP1689) by W. H. 
Parsons and H. Insley, in the January number of the 
Journal of Research. 

Visual examinations were made of approximately 200 
pots of lined and unlined types used in the manufacture 
of barium crown, barium flint, light crown, borosilicate 
crown and several different flint glasses. Samples from 
the bottoms of 62 of these pots were examined further 
with a petrographic microscope. Samples which were 
badly cracked and penetrated by glass were selected in 
most instances because they probably showed most 
clearly the effects of pot attack, 

The occasional penetration of the bottoms of unlined 

(Continued on page 140) 
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THE GLASS INDUSTRY'S INDEX 
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Aaivity in the glass industry for December 1945 rose 
approximately 7 per cent over November to $37,200,500, 
according to the Production Index. November had been 
reported at $34,750,000. The December 1944 Index re- 
ported production to be $48,000,000, which is about 27 
per cent more than December 1945. Output for the 12- 
month period in 1945 was $538,000,000, as compared 
with $572,000,000 for the same period in 1944, 


Employment and payrolls: The total number of per- 
sons employed in the glass industry during December 
1945 were 76,800. Reports for November showed em- 
ployment to be 76,800 persons and for December 1944, 
87,800 persons were employed. 

Payrolls for December 1945 were estimated at $10,- 
150,000—an approximate 7 per cent increase over No- 
vember 1945. Payrolls for December 1944 were about 
30 per cent more than for December 1945, or $14,- 
500,000. During the year 1945, glass manufacturers 
paid about $151,700,000 in salaries. The figure for the 
same period in 1944 was estimated at $170,750,000. 
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Glass container production for the month of January 
1946, based on figures released by the Bureau of Census, 


was 9,844,267 gross. This represents an approximate 14 
per cent increase over the December 1945 production of 
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8,004,979 gross. Production during January 1945 was 
8,030,923 gross, or about 22 per cent less than for Jan- 
uary this year. 

Shipments during January 1946 were reported to be 
9,766,848 gross, which is about 20 per cent more than 
the 8,107,248 gross shipped during December 1945. 
Shipments during January 1945 were 8,266,952 gross, or 
about 18 per cent under January 1946. 

Inventories on glass containers for January 1946 were 
4,326,485 gross in comparison with 4,328,458 gross re- 
ported for December 1945. Inventories for January 
1945 were 5,360,538 gross. 

It should be noted that one manufacturer was unable 
to report his figures in time for inclusion in the above 
compilation. Based on past records, thesc figures were 





GLASS CONTAINER PRODUCTION AND 
INVENTORY 
(All figures in gross) 














Production Stocks 

Foods; Medicinal & Jan., 1946 Jan., 1946 
Health Supplies; Chemi- 
cals, Household, Indus- Narrow 
trials; Toiletries & Neck .... 3,207,474 1,844,533 
Cosmetics a 

Wide 

Mouth ... 3,538,942 1,141,772 
Poet IESE oes 6 sine ess 351,894 170,460 
es OS eee eee 103,926 347,323 
Beverages, Returnable : 488,077 367,837 
Beverages, Non-returnable ......... 
Oe OO Ree 662,355 78,226 
Beer, Non-returnable . 183,301 22,080 
gay Sl ucr ae RAL S yw 5 6 Minas o% 960,950 250,797 
pS er eer cole aes 223,045 80,580 
Packers’ Tumblers ......... 124,303 22,877 

Total ... 9,844,267 4,326,485 
GLASS CONTAINER SHIPMENTS 


(All figures in gross) 


Narrow Neck Containers Jan., 1946 





GEE eh SE ore ges ae at Pe 666,221 
Medicinal & Health Supplies..................... 1,290,495 
Chemical, Household, Industrials. 632,774 
Beverages, Returnable .... 410,750 
Beverages, Non-returnable 
Beer, Returnable . ; 620,661 
Beer, Non-returnable .. 195,921 
Liquors ..... 938,772 
MS Sosa Cig Bae ooo se aici 5 ww aa Bis a Rams Wiesel 219,639 
NT, oie gos aca g ple Be ao OM whale bo 627,835 
Sub-Total (Narrow)...... 5,603,068 
Wide Mouth Containers 
SE Rte ctr an Vat, Pe a a a 2,901,595 
SSS EEE Ta Se a 353,096 
NE SRN coca sis st PO ee 72,863 
Medicinal & Health Supplies .................... 288,020 
Chemical, Household, Industrials. ...... 126,309 
Toiletries & Cosmetics ....... pe A 141,692 
SCI Aha i Ss beaten 113,395 
OE SIS ES ER San Pee Ce eee as a 3,996,970 
5 OS PRS RRCAEeraee oae cree 9,600,038 
Ae ey Saree ar 166,810 
SO ete oS ee. 9,766,848 
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Aitention... 
Glass Tank Operators 


For Maximum Life SPECIFY 


»:-S-R 
CAST SUPER REFRACTORY 


For 


Mantels, Feeder Parts, Tuckstones, 
Burner Blocks, Port Covers, Port 
Bottoms, Port Arches, Port Skews, 
Port Baffles, Lintels, Jambs, Bridge- 


wall Covers, etc. 


C.S.R. has excellent resistance to 
HIGH TEMPERATURES 
CORROSION 
SHRINKAGE 
SPALLING 


C.S.R. is 
VACUUM CAST 
ACCURATE TO SIZE 
UNIFORM TEXTURE 
ECONOMICAL 


Write for Full Particulars 


WALSH REFRACTORIES CORP. 


High Grade Refractories for Over 50 Years 


4070 NORTH FIRST STREET ST. LOUIS 7, MISSOURI 








estimated and industry totals adjusted accordingly. 


Plate glass preduction for January 1946, slowly 
getting under way after a few months of strikes in the 
industry, rose to 4,355,291 sq. ft., according to the 
Hughes Statistical Bureau. Production for December 


1945 was 429,389 sq. ft. and for January 1945, 8,914,933 
sq. ft, 


Automatic tumbler preduction for the month of 
January 1946 totalled 5,572,850 dozens, which is slightly 
under the 5,681,565 dozens produced during December 
1945. Production during January 1945 was 3,888,982 
dozens—about 42 per cent under January this year. 
Shipments during January 1946 were reported at 5,515,- 
571 dozens, which is slightly under the 5,925,147 dozens 
shipped during the preceding month and a little over the 
4,573,110 dozens shipped during January 1945. Inven- 
tories on hand at the end of January 1946 were 4,882,078 
dozens. This is a little under inventories for December 
1945, which were 5,281,196 dozens, and January 1945, 
which were 5,151,928 dozens. 


Table, kitchen and household glassware: Manufac- 
turers’ sales of machine-made table, kitchen and house- 
hold glassware for January 1946 were estimated at 4,- 
356, 376 dozens. Because two companies were unable to 
supply their figures in time for this compilation, the fig- 
ures for these companies on table, kitchen and house- 
hold glassware for January 1946 have been estimated. 
Manufacturers’ sales for December 1945, were about 35 
per cent under January 1946, or 3,203,439 dozens. Jan- 
uary 1945 sales were 2,868,544 dozens. Total sales dur- 
ing the 12-month period ending January 1946 were 
37,107,494 dozens. 


R. H. BARNARD FORMS NEW 
GLASS FIBER COMPANY 


R. H. Barnard, former executive vice president and direc- 
tor of Owens-Illinois Glass Company, has announced the 
formation of a new glass company near Toledo. Mr. 
Barnard is president and general manager. 

To be known as Glass Fibers, Inc., the new company 
will manufacture and market a line of staple glass fiber 
products, under a new patent process, together with glass 
wool in various forms, 

Mr. Barnard has announced that a tract of land and 
a building have been purchased on the west side of the 
Maumee River southwest of Maumee, Ohio. Personnel, 
manufacturing and sales plans will be announced later. 


GLASS AND CLOSURE RESEARCH 
AT ARMSTRONG 


With a view to strengthening and expanding development 
work on glass and closure products in the Research 
Laboratories of the Armstrong Cork Company, it has 
been announced that K. C. Lyon has been named Chief 
of Glass Research and J. M. Sharf Chief of Closure Re- 
search to assist E. C. Emanuel, Chief Chemist of Glass 
and Closure Products. 

Roger F. Scott has been appointed Chief Chemist of 
the Millville Plant Laboratory succeeding Dr. Lyons. 
Mr. Scott has been on the laboratory staff since 1940. 
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WESTINGHOUSE DEVELOPS COMMERCIAL 
LAMP 
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The most brilliant lamp ever developed for general com- 
mercial use—a 1,000-watt tubular bulb whose powerful 
yellow-green light streams from a mercury vapor arc 
the diameter of a cigaret—was announced recently by the 
Westinghouse Lamp Division, Bloomfield, New Jersey. 

The air-cooled lamp produces 60 lumens for each watt 
of electricity consumed. Sixty thousand lumens, the 
lamp’s total light output, is equivalent to the light cast 
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“mber by a canopy of 125 incandescent bulbs of 40-watt size, 
8,982 or three times the light output of a conventional 1,000- 
year. watt incandescent bulb. 
515,- The lamp has an arc stream about twice as long as 
ozens a cigaret enclosed in a sturdy quartz tube which, in turn, 
w the is enclosed by a hard glass exterior tube. Overall, the 
nven- lamp measures 14 inches long and is less than four 
2,078 inches in diameter. 
mber Equipped with a mogul-screw base, the same type base 
1945, high wattage incandescent lamps have, the new bulb can 
be burned in any position. It operates with a trans- 
former, which steps up the voltage, and a simple current 
ufac- limiting device called a reactor. 
puse- The lamp’s efficiency, measured on the basis of amount 
t 4. of light produced for watts of electricity consumed, is 
le to 50 per cent better than the three sizes of air-cooled vapor 
- fig- lamps for general lighting available previously. None 
yuse- of these, the 250-, 400-, or 3,000-watt size, is as brilliant. 
ited. Because the new bulb, operating at 1,100 to 1,300 
t 35 degrees Fahrenheit, generates much less heat than the 
Jan- water-cooled lamp, it requires only a normal amount of 
dur- natural surrounding air as a cooling medium. 
vere 
ROBINSON OF ARMSTRONG 
ELECTED TO OFFICE IN A. P.S. 
Howard A. Robinson, chief physicist of the Armstrong 
Cork Company, has recently been elected chairman of 
nt the executive committee of the Division of High-Poly- 
the mer Physics of the American Physical Society for the 
Mr. year 1946. 





Mr. Robinson graduated from the Massachusetts Insti- 
tute of Technology in 1930 and then went to the Uni- 


















til versity of Munich as an American-German exchange 
a student and studied physics there for a year. He was 
later sent to Europe again to the University of Uppsala 
ol in Sweden where he was an American-Scandinavian Fel- 
he low in Physics. 
el From 1937 to 1942, he was a physicist with Arm- 
ey strong’s Miscellaneous Research Section, After this, he 
became Chief Physicist of the Research Laboratory. 
L-0-F NAMES PERSONNEL DIRECTOR 
Appointment of C. A. Carson as Personnel Director was 
nt announced recently by Libbey-Owens-Ford Glass Com- 
ch pany. 
we In his new work, Mr. Carson will supervise overall 
ef personnel planning and execution in all L-O-F plants. 
«i His duties include safety, recreation and training activi- 
“ ties in connection with employee programs. 
Mr, Carson joined’the company in 1929 when he 
of became safety director for all plants. He served in this 
: capacity until May, 1942, when he entered military 





service. 
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JOHN H. RAU DIES: 


John H. Rau, president and general manager of the 
Fairmount Glass Works, Inc., died February 6 at the age 
of 58. Mr. Rau died of a heart ailment. 

The company was originally founded by Mr. Rau’s 
father at Fairmount, In- 
diana, and was moved to 
Indianapolis in 1906. 

Mr. Rau was a former 
member of the board of 
directors of the dissolved 
Glass Container Associa- 
tion and was made a mem- 
ber of the Glass Container 
Manufacturers Industry 
Advisory Committee, co- 
operating with the War 
Production Board, in 
1942. 

Born in Louisville, Kentucky, Mr. Rau attended high 
school at Fairmount and graduated from Indiana Uni- 
versity. He was a member of the High!and Golf and 
Country Club, Indianapolis Athletic Club and Sigma Nu 
fraternity. 

Survivors include his widow, Charlotte, a son, John, 
Jr., a sister, Mrs. K. K. Wooling, and a brother, Charles, 
who is treasurer of the company which John Rau headed. 





PENN SALT NAMES NATRONA 
SUPERINTENDENT 


A recent announcement has been made by Pennsylvania 
Salt Manufacturing Company naming James McWhirter 
as Superintendent of the company’s Natrona plant. 

Mr. McWhirter, who succeeds Charles G. Boone, re- 
tired, came to Penn Salt last summer after eight years 
experience in the heavy chemical industry. Before join- 
ing the company, he had been superintendent of plants 
in Detroit and Cleveland for the General Chemical 
Company. 


LEAD SHORTAGE 
BECOMES WORSE 


It has recently been made known that the shortage of 
lead will grow worse throughout the year. It is estimated 
that another 100,000 tons may be cut off from the present 
authorized uses. 

Wherever possible, users of lead are advised to use 
substitute materials. 





AVERY ESTABLISHES CONSULTING SERVICE 


Julian M. Avery, formerly Vice President in charge of 
Research and Development of the Diamond Alkali Com- 
pany, has established a private consulting practice with 
headquarters temporarily at his home address, Chilli- 
cothe Road, Mentor, Ohio. 

In addition to his new venture, Mr. Avery will co- 
operate with Arthur D. Little, Inc., consulting engineers 
of Cambridge, Mass., in further development of inven- 
tions assigned to them during his previous employment 
hy that organization. 
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Kiln pressure is basic—means shorter cycle, more 
production, lower fuel costs, better product, fewer 
rejects; and closer control over time, temperature 
and atmospheric relationship. 


Hays Automatic Kiln Pressure Control holds the 
pressure at a constant low value (within plus or 
minus a few thousandths of an inch water)—high 
enough throughout the kiln to prevent infiltration of 
cold air, yet not so high as to force an excessive 
amount of the hot gases through the refractory 
walls and arches. 


Since the flow of gases from one zone to another 
is caused by the differences of pressure in the 
various zones, it is apparent thot the control of 
pressure has a pronounced effect on the distri- 
bution of gases and, therefore, on temperature 
within the kiln. 


Hays Kiln Pressure Control and Hays Pressure 
Recorder are “musts” in the efficient and economi- 
cal operation of ceramic and glass furnaces. Write 
for Hays Bulletin 44-552. 


LORPORATION 


At 









RESEARCH DIGEST... 
(Continued from page 136) 


pots by corrosive optical glasses was due in large pan 
to the size, elongated shape and vertical orientation of 
the pores in the refractory. With barium glasses, such 
penetration extended to a depth of 2 or 3 inches, buy 
with borosilicate crown and most flint glasses, it did not 
exceed about % inch. Pots containing barium glasses 
occasionally leaked in the melting furnace. Lined pots, 
however, were not penetrated by any type of glass except 
when the relatively dense lining was cracked in the 
bottom. 


The corrosive action of barium glasses greatly enlarged 
the pores in the refractory and caused them to become 
connected, thus forming a system of branching channels, 
Borosilicate crown and most flint glasses, however, were 
only slightly corrosive and, therefore, did not form 
channels. 

The crystalline reaction products at the pot-glass inter. 
face of the different types of barium glasses were barium 
feldspar, alkali aluminum silicates and cristobalite. In 
pot bottoms penetrated by these glasses, barium feldspar, 
barium disilicate, zinc spinel, mullite and traces of cristo- 
balite and corundum were formed. Alkali aluminum 
silicates, cristobalite and corundum occurred at the pot- 
glass interfaces of borosilicate crown and flint glasses, 
Mullite and corundum were the only reaction crystals 
present in the refractory penetrated by these glasses, 
with the exception of a flint glass with 62 per cent of 
PbO. One or more new lead aluminum silicates of unde- 
termined composition and a trace of metallic lead 
occurred with this glass. 

The presence of two types of glass was characteristic 
of refractory penetrated by barium and some lead 
glasses. One type was a glass altered in composition 
and certain physical properties by the attack on the pot 
constituents. This glass contained numerous seeds 
formed by the entrapment of the air in the original re- 
fractory and probably, also by the liberation of gas in 
the glass batch. The second type of glass bore a close 
resemblance to the melt. 


NEW CORNING 
APPOINTMENT 


Corning Glass Works recently made the announcement 
that Russell Brittingham has been appointed as assistant 
to W. C. Decker, vice president in charge of the Bulb & 
Tubing and Technical Products Divisions, Mr. Britting- 
ham was formerly administrative assistant to the com- 
pany’s associate director of research and development. 

Mr. Brittingham, as a member of Corning’s laboratory 
staff, had studied the development of new products from 
the standpoint of their commercial application and had 
participated in developments for the Technical Products 
Division. He will now work with both the production 
and sales departments for the division. 





® Lt. Col. Shipp Davis has recently been released from 
the service and has resumed his former position with the 
sales organization of the O. Hommel Company of Pitts- 
burgh. 
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0. HOMMEL NAMES 
SALES REPRESENTATIVE 


R. C. Smith has joined the O. Hommel Company as 
Sales Representative in the southern territory. 

Mr. Smith, in his pre- 
vious connections, has 
been a laboratory techni- 
cian with Pemco, after 
which he joined Chatta- 
nooga Stamping and En. 
ameling Company where 
he worked in the mill 
room and laboratory. 

He then became con- 
nected with Phillips and 
Buttuffs as a control man 
and served in the same 
capacity with Cavalier 
Corporation in Chatta- 
nooga. Mr. Smith was also 
connected with Republic Steel Corporaiion and worked 
for Consolidated Vultee Aircraft during the war. 


TWO DIRECTORS ELECTED TO 
CORNING BOARD 


In a recent announcement made by Corning Glass Works, 
it was made known that Gordon S. Rentschler, chairman 
of the National City Bank of New York, and George 
Murnane, partner, Lazard Freres and Company, have 
been elected directors of the company. 

Mr. Rentschler was president of the National City 
Bank from 1929 to 1940 and has been chairman since 
that date. He is a director and board chairman of 
City Bank Farmers Trust Company and the International 
Banking Corporation and a director of Anaconda Copper 
Mining Company, Consolidated Edison Company of New 
York, National Cash Register Company, Union Pacific 
Railroad and other corporations. He is also a life trus- 
tee of Massachusetts Institute of Technology and Prince- 
ton University. 

Mr. Murnane, president of Solvay American Corpora- 
tion, is a former vice president of the New York Trust 
Company. He is board chairman of Cuba Railroads, 
American Bosch Corporation and National Department 
Stores. A trustee of the Rockefeller Institute for Medi- 
cal Research, Mr. Murnane is also a director of Allied 
Chemical and Dye Corporation, North American Com- 
pany, American Steel Foundries and International Prod- 
ucts Corporation. He is a former member of the firm 
of Lee Higginson and Company. 


COLUMBIA CHEMICAL APPOINTS 
SALES REPRESENTATIVE 


In a recent announcement by the Columbia Chemical 
Division of the Pittsburgh Plate Glass Company, it was 
revealed that William L. Platt has been appointed sales 
representative with headquarters at the company’s offices 
in Boston. 

Mr. Platt joined the Columbia Chemical Division in 
1930, but had previously been associated with the com- 
pany’s Glass Division. During his 16 years with the 
Columbia Chemical Division, Mr. Platt has specialized 
in industrial engineering and in various phases of the 
production of heavy chemicals. 
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THE COVER 


Illustrated on this month’s cover is what is believed to 
be the world’s largest glass-working lathe, weighing 
4,000 Ibs., and which has been designed and constructed 
by the Vacuum Tube Engineering Department of General 
Electric X-Ray Corporation, Chicago, for the purpose of 
producing super-voltage x-ray tubes, including doughnut- 
shaped tubes for betatrons, 

So exact has been the construction of this machine 
that there is less than .0005 in. variations in the relation- 
ship of the chuck spindles and the lathe bed across the 
entire 9-ft. length between the chucks. 

The spindles have a normal capacity of 744 in. and 
a possible swing of 42 in., with special chucks. The 
machine can handle any piece of glass as long as 84 in., 
and tubes which will pass through the spindles can be 
of indefinite length, limited only by the size of the room. 
The machine is, therefore, admirably adapted to the pro- 
duction of long, multi-section million-volt and two- 
million-volt x-ray tubes. 

The unit is equipped with a system whereby high 
frequency current is passed through the flames in order 
to more effectively heat and seal the glass. The 24 cylin- 
drical glass sections are sealed by oxygen and hydrogen 
flames to the fernico rings which join the sections to- 
gether and serve as a bond between the metal intermedi- 
ate electrode supports and the glass. (Fernico has a 
coefficient of expansion similar to that of glass.) A 
lathe of this design was necessary in order to handle 
tubes of this great length. Annealing is performed with 
an illuminating gas and compressed air flame while the 
tube leading to the mandrel carries forming gas (90 per 
cent N and 10 per cent H) into the tube to reduce all 
oxides formed during processing. 

Accurate driving of the lathe heads in their lateral 
movement is assured by a 10-spline, 2% in.-diameter 
splined shaft, fully pressure-lubricated, which eliminates 
backlash and twist, and keeps the heads synchronized. 
In line focus x-ray tube work, a twist of more than 14° 
between heads would make the tube unusable. 

The long 13-ft. bed table is supported at three points 
in order to insure that it will be level regardless of 
irregularities in the floor. Unlike smaller glass working 
machines, this one has adjustable chucks which can be 
lined up independently of the main rods. It is necessary 
only to shim in order to make up for any wear on the 
rods, guide bushings or jaws. In this feature, the ma- 
chine compares with most metal-working lathes. Control 
of the chucks is effected by a 3-station reversible clutch. 

Instead of being scattered along the length of the bed, 
as on earlier models, the feed control levers and other 
regulating knobs and dials have all been concentrated 
on a master panel, thus simplifying the task of control. 
The feed lines contain hydrogen, oxygen, city gas, air, 
nitrogen, vacuum and water. 

To withstand the high temperatures used in working 
with this machine, the heads have been equipped with 
special grease seals capable of withstanding up to 200°C. 

The fire carriage, which can be moved to the extreme 
ends of the machine, has an adjustable top which allows 
considerable inward or outward movement depending on 
diameter of material to be processed. 
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SHOCK-RESISTANT SAFETY 
LENSES ... 


(Continued from page 124) 


metrically and simultaneously will usually provide a 
satisfactory tempered lens. The following details are sig- 
nificant, however: 

(a) Too rapid cooling will cause the lens to become 
somewhat brittle. The ball-drop shock resistance is low- 
ered slightly and the lens tends to explode when broken. 
Cold air sets up strains of such a magnitude as to place 
the lens in a less stable condition than if it had been 
properly tempered. Consequently a small flaw on the sur- 
face is more likely to cause a fracture than normally. 
Too rapid cooling can be the result of too great an air 
flow, large nozzles, or cold air. Thus, it is of primary 
importance to balance the air flow and temperature 
of air to give the correct rate of cooling. This allows 
three variables—air pressure, nozzle orifice, and air tem- 
perature. Or, for a given nozzle size, at a given air 
temperature, one might vary the air pressure to give 
proper air flow for the desired rate of cooling. 

(b) The design of the nozzle should permit the flow 
of a steady stream of air onto the lens. The particular 
design of the orifice has never been found to have an 
appreciable affect on the tempering of a safety goggle 
lens. A 1/16” to 1/8” straight-bore nozzle two inches 
long usually serves to give good quality tempering. It is 
important that the chamber behind the nozzle permits 
the air to flow in a nearly straight stream and contact 
the lens in a symmetrical manner. 

(c) The cooling of the lens should be symmetrical 
and the lens holder should contain as little mass as pos- 
sible. If the lens holder is too massive or contacts the 
lens over too great an area, it is likely to cool the lens 
more rapidly than the air blast. This would introduce 
unsymmetrical strain in the lens and is detrimental to 
proper tempering. 


12E. L. Hettinge 


r, “Harmonic Vibration Breaking Point of Glass,” Glass 
Industry, 23, 22 (1942). 


Testing of Tempered Lenses % 

The customary procedure for testing tempered safely 
goggle lenses is to mount the lens on a wooden ble Hi 
and drop steel balls of various diameters onto the lens 
from a standard height. The strength or shock resista ‘ 
of the lens is then indicated by the size of the ball whigh 
fractures the lens. One may tell both from the ball sigg 
and the fracture pattern if the lens has been properh 
tempered’”. 

Fig. 3 shows a series of fracture patterns. A typical 
break of a poorly tempered lens is shown in (a). & 
fractured with a 34”-diameter steel ball dropped from 
a height of one meter onto a lens supported on a wood 
block. Samples (b), (c), and (d) show progressively 
better quality of tempering and fractured with 7%”, 1% 
and 14g”-diameter balls, respectively. However, (e) and 
(f) show the highly diced pattern of slightly over 
tempered lenses which fractured with the 1” diameter 
ball. The shock resistance of the lenses was varied by 
changing the air flow. 

Irregular breaks which occasionally occur in tempered 
lenses and which are often blamed on poor tempering, 
are sometimes the result of an object causing fracture 
by striking the glass off center or of the lens having 
been cooled unsymmetrically, When cooled unsymmetri- 
cally, the compressional strain around the’ outside of 
the lens is not uniform and leaves certain sections with 
less compression. Explosions of tempered lenses for no 
apparent reason are usually a result of improper bal- 
ancing of the strain in the glass by unsymmetrical cool- 
ing, 


Strain Patterns in Tempered Lenses 


When a tempered lens is examined in a polariscope, 
a distinct strain pattern will be seen. Fig. 4-a shows the 
Maltese Cross pattern through the face of the lens, and 
-b shows the strain distribution through a cross section. 


(Continued on page 144) 
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We Keep Digging ... but It Keeps Snowing! 


When it began to snow orders on SOLVAY, we began to step 
up our production to keep apace. But no matter how hard we 
work, the snow of orders keeps getting heavier. We are honestly 
doing our best to deliver what you want, all you want, when you 
want it. We appreciate your co-operation, and we thank you for 
your understanding. As the Chinese proverb says . . . the picture 
tells our story. There is one thing you can be sure of . . . no 
matter how great the demand, the quality of SOLVAY Alkalies 
will always be the finest. 


SOLVAY SALES CORPORATION 


Alkalies and Chemical Products Manufactured by 
The Solvay Process Company 


40 Rector Street New York 6, N. Y. 


Soda Ash «+ Caustic Soda + SpecialtyCleansers + Chlorine Products + Ammonium & Potassium Products + Calcium Chloride 
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SHOCK-RESISTANT SAFETY the lens received cooling, and the accuracy with which 
LENSES . . . the lens was centered between the nozzles when air tem 
pered. It often permits one to determine in general the 
method by which the lens was tem 
pered. : 
The fact that a safety goggle lens 
shows a strain pattern, indicating 
that it has been tempered, should not 
be taken to mean that the safety lens 
has resistance to physical or thermal 
shock, The shock resistance of a 
lens is dependent upon factors other 
than the strain patterns resulting 
from the tempering operation. Of 
the strain patterns shown, practically 
all can be placed in lenses in such 
a manner as to give the maximum 
shock resistance by proper adjust- 
ment of air flow, air nozzle-size, and 
heating conditions. However, the 
same patterns may be placed in 
lenses which will give a minimum 
shock resistance. If not conducted 
properly, the tempering operation 
may actually weaken the glass rather 
than strengthen it. 


(Continued from page 142) 
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There is no relation between the 
strain pattern and the break pattern, 
and no correlation exists between 





(Continued on page 146) 
Fig. 8 





These patterns are for a lens cooled 
wtih a nozzle arrangement shown in 
Fig. 2. In Fig. 4-b, the arrow indi- 
cates the neutral zone. Inside this 
line of neutral stress is tension and 
outside is compression. 

In examining tempered safety 
lenses it is often the tendency to 
pass judgment on their shock resist- 
ance by examining the configuration 
of the strain pattern. This point has 
been subjected to considerable study 
and the strain pattern has been 
found to bear little significance to 
the shock resistance of the lens. 

The number of different strain pat- 
terns that may be produced in the 
laboratory by varying the air-nozzle 
design is practically unlimited. A 
few typical examples are shown in 
Figures 5, 6, and 7. Figures 8 and 9 
show nozzles, air flow from the noz- 
zles, and the resulting strain patterns. 
The nozzle design is fundamental in 
determining the strain pattern, while 
variation in air flow for a given 
nozzle will produce slight changes in 
the strain pattern. 

The strain pattern is significant 
in indicating the location at which 
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Hommel Giass Colors assure satisfaction for your customers... 

the kind of satisfaction that brings re-orders. Fast uninterrupted pro- 
duction ... which means prompt deliveries without the troubles 

and delays that eat up profits . . . true uniform color, workability and 
correct maturing temperatures. The O. Hommel Co. has developed 

many new beautiful pastels and brilliant colors... Ask to see them. 

Glass Colors for Spraying, Squeegee and Brush application. 

(The correct coefficient of expansion in all Hommel colors reduces strain.) 


Acid Resisting==for table and laboratory glass ware. 
Alkali Resisting—brilliant and opaque qualities are retained after repeated 
washing in strong alkali solutions. For beverage and milk bottles. 


Sulphide Resistant—unaffected by the toughest atmospheric conditions, a longer 
brilliant life for outdoor signs. 


leos=A permanent crystalline finish of sparkling beauty. 


Geld—Liquid Bright Golds, Brown Golds, Powder Paste Golds, Liquid Burnish Gold. 
Made to give maximum adherence and wearing qualities under your production conditions. 


Squeegee Oit—Hommel squeegee oil has proved to be the best under all conditions . . . Sharp prints . . . Clear screens. . . 
stable colors ... no bleeding .. . no disagreeable odors. Write for samples. 


Equipment=—Spray Guns—Brushes—Grinding Mills—Banding Wheels—Every Decorating supply you need. 
Chemicals Everything you use from the Batch Plant to the Decorating Lehr. 


: . . Wri i ‘ 
Labor t Controlled P juction of Ceramic Supplies rite or wire today. We want to tell you more about our colors. 


0. HOMMEL CO. 


FRIT for Steal, Cast Iron or Pottery - CERAMIC COLORS + CHEMICALS 
BRONZE POWDERS - METAL POWDERS - SUPPLIES + EQUIPMENT 


z Ceramic Su p22 [, 
“Cer 
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SHOCK-RESISTANT 
SAFETY LENSES ... 


(Continued from page 144) 








sistance, If not conducted 
properly, the tempering op- 
eration may actually weaken 
the glass rather than 








strengthen it. 


There is no relation be- 
tween the strain pattern and 
the break pattern, and no 
correlation exists between 
the strain pattern and ball 
drop shock resistance unless 
all details of the tempering 
procedure are known. That 
is to say, a lens having a 
definite strain pattern may 
be tempered to have either 
a high shock resistance or a 
low shock resistance. Such a 
condition may be produced 
at will in the laboratory. 


Summary 
Much of the above ma- 


terial has been summarized 

in Figure 10. This diagram 

serves only to give an ap- 

proximate picture of the 

applications of the temper- 

ing procedure to safety 

lenses and the relation be- 

tween strain pattern, shock 

resistance, and break pattern. It should not be consid- 
ered as complete in all details. 

Using a variable air source, one may select the type 
of nozzle to give a desired strain pattern, Any design 
of nozzle which will produce symmetrical cooling of the 
lens is satisfactory. By varying the air flow, one may 
produce slight changes in the strain pattern. Thus, for 
three different air flows, it is possible to make three dif- 
ferent strain patterns, Bl, B2, and B3. When tested, 
these three sets of lenses will usually break with more 
than one size ball, depending upon the surface flaws in 
the lens and the consistency of the conditions of temper- 
ing a series of the lenses. The resulting break patterns, 
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while primarily due to the strain conditions in the glass, 
are also dependent upon the size and shape and velocity 


of the object striking the lens. However, the lens B3 is 
more likely to give a break pattern of the highly diced 
nature and have a higher ball-drop shock resistance than 
the lens B1. From this, one should not conclude that a 
lens with the strain pattern Bl is necessarily a lens with 
low shock resistance because this same strain pattern 
may be produced by a different nozzle to give a lens of 
high shock resistance and a diced break pattern. It is 
thus important that one should judge the quality of a 
tempered lens only when all details of its manufacture 
are known. 





PITTSBURGH SECTION MARCH MEETING 


The regular monthly meeting of the Pittsburgh Section 
of the American Ceramic Society will be held Tuesday, 
March 12. A dinner meeting is planned at the Univer- 
sity Club and the program has been arranged as a tribute 
to the officers of the National Society. 

Officers of the National Society expected to attend are 
C. Forrest Tefft, President; J. E. Hansen, Vice President; 
J. D. Sullivan, Treasurer; R. C. Purdy, Secretary; E. W. 
Fritz and C. E. Bales, Past Presidents, and Charles S. 
Pearce, Associate Secretary. 
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The feature of the evening will be a talk by Ross 
Purdy entitled, “Organized Promotion of Ceramic Edu- 
cation and Research”. 


® Columbia Chemical Division of the Pittsburgh Plate 
Glass Company has announced that executive offices will 
now be located at Fifth Avenue at Bellefield, Pittsburgh 
13, Pa. These temporary quarters have been necessitated 
by the lack of sufficient space at their former address to 
accommodate personnel returning from military service 
and other expansions of the Columbia organization. 
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CORHART ELECTROCAST TANK 


A LITTLE over three years ago we published the story 
and operating data for a Corhart* flint-glass tank that had 
just finished a run of practically three years. 


Today we are glad to report the results of that tank’s 
successor—another “three-year” campaign just recently 
ended in which the melting and refining-end sidewalls, 
throat, doghouse and complete refining bottom of this unit 
were constructed with Corhart* Electrocast materials. 


1,042 











TOTAL DAYS 

OPERATING DAYS 849 
IDLE DAYS 193 
MELTING AREA (SQ. FT.) 993 
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TOTAL TONS GLASS. .020... 22222..222ceggaeeneesesee0-0---141,029 
I aes 64.1% 
TONS GLASS PER OPERATING DAV.............. 166.1 
TONS GLASS PER TOTAL DAYS...................... 135.3 
SQ. FT. PER TON PER TOTAL DAY6................ 7.3 
SQ. FT. PER TON PER OPERATING DAY...... 6.0 
TONS PER SQ. FT. PER LIFE....................... ee ee 


’ As we have said many times in the past, good production 


records are the result of good operation plus good refrac- 
tories. Corhart* is glad to have had the opportunity of 
playing a part in this excellent performance. 





*Not a product, but a registered trade-mark. 
Be 


ELECTROCAST 
REFRACTORIES 


INVENTIONS AND INVENTORS 
(Continued from page 135) 





Color of Filaments 


Deep 
Composition Henna Brown Mahogany Black 
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Percent Percent Percent 


60.0 60.0 55.0 53.0 

10.0 10.0 10.0 8.0 

12.0 8.0 9.0 whi 
5.0 5.0 4.0 


Percent Percent 


2.0 2.0 2.0 4.0 

oes ose aes 5.0 
9.0 8.0 

ver “ee 4.0 

eee 4.0 eee 3.0 

11.0 11.0 15.0 


100 100 100 100 





Patent No, 2,393,979 has been assigned by Samuel J. 
Everett of Thornton Heath, England, to James A. Jobling 
& Company, which is a British concern, This patent 
shows a mechanism for reshaping either the internal or 
external surfaces of glass tubes so as to produce a sur- 
face of an accuracy equal to that obtained by grinding 
and lapping or polishing. Such tubes may be used for 
the cylinders of hypodermic syringes. 

These accurate surfaces are secured by heating a 
short portion of the tube in the vicinity of a former, 
which may be internal or external. When the internal 
surface is to be treated, the tube has a slightly greater 
diameter than the diameter of the former. 

Fig. 5 shows the left end of the mechanism. The 
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Fig. 5. Tube Forming Machine, Pat. No. 2,393,979. 


tube to be treated is held between a chuck 2 and a sim- 
ilar chuck on the other end of the machine, which is not 
shown in the drawing. The two chucks are moved at 
slightly different speeds, the chuck on the right of the 
tube moving slightly faster than the chuck 2. The chuck 
2 is mounted on a carriage 23 which is moved by a 
screw 24. This screw and a similar one which moves 
the other chuck are driven through a counter shaft 28 
and pulleys 37, 38, 34, and 35. The tube is positioned 
in the two chucks when the chuck 2 is at the left, as 
shown in the figure. The tube passes through a furnace 
6 and over a former 7, carried by a rod 8, The former 
7 is rotated by connections from a motor 19, which also 
drives a vacuum pump 18 connected with the chuck 2 so 
as to produce a partial vacuum within the tube when it 
is in position. In operation, a short portion of the tube 
is heated in the furnace 6. Due to the vacuum within 
the tube and to the fact that the tube is being pulled 
away from the furnace at a slightly greater speed than 

(Continued on page 158) 
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Mix Glass Batches in this 
Modern Dust-Sealed Mixer 


Promote the HEALTH and EFFICIENCY 
of your employes by mixing glass batches 
in a modern Smith Tilting Mixer. It's 
DUST-SEALED during the entire mixing 
cycle — no chance for dust or vapor to 
A led ch chute and 
a sealed rectangular shaped discharge 
“dust boot” confine both dust and vapor 
within the mixer drum, thereby effective- 
ly eliminating the silicosis hazard. The 
famous Smith duo-cone drum, with its 
scientific mixing action, insures uniform 
batches, improved quality of glass and 
greater production. Backed by 44 years’ 
specialized experience in mixer design 
and manufacture, Write for Catalog. 
THE T. L. SMITH CO. 
2898 N. 32nd Street, Milwaukee 10, Wis. 


SMITH 
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20 Mule Team unloading 


Borax at railhead after 





strenuous trip across 








the desert. 


eee borax from the deposits 

in the mountain ranges bordering the 
Death Valley desert and delivering it to vari- 
ous parts of the country and the far ends of 
the world, involved every conceivable type 
of transportation during the early history of 
the Pacific Coast Borax Company. 

The origin of the 20 Mule Team, its stren- 
uous trip across 167 miles of desert and treach- 
erous ravines, and stopover at way stations 
for provisioning and rest, were briefly out- 
lined in earlier resumes of this series. 

Here we have an illustration adopted from 


m= DET 

iii 

west 
<< aa / 


x 
a. 


— a 


an old photographic print, bearly discern- 
ible, of the 20 Mule Team unloading borax 
at the railhead about 1901. Note that the 
water tank usually trailing the wagons, is 
missing and was evidently abandoned to 
lighten the load somewhere enroute after the 
supply of water was depleted. The railroad 
freight cars do not appear to be much differ- 
ent from those we see today. From here, the 
borax ore was transported by rail to the re- 
finery, where the ore was processed and trans- 
formed into the type of borax and boric acid 
required by the industrial world. 





MELTING RATE-—A batch composition 
which can be readily reduced to a liquidus 
state offers distinct advantages in fuel econ- 
omy, increased tank output, improved fin- 
ing, and a smaller amount of decolorizers. 
Improve the melting rate by the addition 
of B.O; to the glass composition. 


Another good reason why Borax should 
be used as an essential ingredient in the 
batch formula. 

Our representatives are prepared to dis- 
cuss the special advantages of B,O; in glass. 











Be 





MARCH, 


1946 

















MECHANICAL STRENGTH 
OF GLASS... 


(Continued from page 129) 


glass under test becoming larger. Here we notice the 
influence of the degree of quenching on the stress dis- 
tribution of the fiber. 

Summarizing we may say that despite the unfavorable 
influence of chilling and “freezing in” of a mechani- 
cally weaker structure of the glass, the strength of glass 
fibers is much greater than that of the bulk glass, be- 
cause: a) The volume under test is smal] as compared 
with that of other glass objects. The number of flaws 
is, therefore, small too (microstrength). b) The flaws 
present are oriented in a way which makes them less 
effective. c) The surface of freshly drawn fibers is 
nearly flawless, not only because of their small area, 
but also because of their “fire polish.” d) The rapid 
quenching of a thin fiber produces a strong compression 
of the surface film. Needless to say, this film is ex- 
tremely thin, Touching with the finger scratches through 
the film and exposes glass under tension. e) Due to the 
small cross sectional area, testing of the glass fibers 
usually involves very rapid rates of loading. This ex- 
cludes the time consuming corrosion which in slow tests 
is a major factor in producing failure. 


VII. The Hardness of Glass 


The hardness of glass is another important mechanical 
property which is considered a complex function of 
both tensile strength and elastic properties. There ex- 
ists no sharp definition for hardness, and various meth- 
ods for determining the hardness of glasses give results 
which cannot be correlated. Our previous discussions 
centering around the cooperation between mechanical 
and chemical forces in determining the strength of glass 
suggest that also the hardness of glass should be a 
function of chemical affinities as well as the strictly 
mechanical properties. 

We will see that there are strong indications for a 
participation of the environment in determining the 
hardness of glasses. We will also find that some of the 
differences in hardness as found by different methods 
are due to various degrees of participation of chemical 
or polarization forces. 

Based on the mechanical theory of Hertz, F. Auer- 
bach® developed a method for measuring the hardness 
of materials in absolute units. His work can be consid- 
ered the classical approach to the determination of hard- 
ness. It was the first attempt to provide absolute values 
for the empirical hardness scale proposed by Mohs 
and generally accepted by mineralogists. The hardness 
as determined by Auerbach is a function of the cohesive 
forces and the elastic properties. His method is based 
on the effect which a sphere or lens shaped piece of the 
material has when pressed against the plane surface of 
_ the same material. (The Hertz theory originally refers 
to two spheres.) With increasing pressure the deforma- 
tion increases until the elastic forces cannot balance 
the pressure anymore. In plastic materials further in- 
crease in pressure results in a permanent deformation. 
Brittle materials break. F. Auerbach® applied his 
method to a numberof optical glasses and arranged 
them according to their hardness. Some lead glasses 
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were found to have a hardness less than apatite and som 
borosilicates exceeded quartz. 
It was only natural to look for a simple substitute fg 
the rather complicated way of measuring the hardn 
by the Auerbach method which involves optically fig 
ished specimens. Auerbach made an attempt to devel 
a hardness scale similar to that of Mohs. The Moh 
scale which gave very satisfactory results in the hand g 
the mineralogist consisted of ten minerals, namely: 


. tale 6. orthoclase 
. gypsum 7. quartz 

. calespar | 8. topaz 

. fluorspar 9. corundum 
. apatite 10. diamond 


Pea aie atregee Bi SY > 


Its use is based on the fact that each mineral cag 
scratch the softer preceding minerals and is scratched by 
the following minerals which are harder. It is impossible 
however, to scratch a mineral by one which is softer, 
that means by one which precedes it in the hardness 
scale. In order to determine the hardness of a new 
mineral, one has to find out which mineral can still be 
scratched by the new mineral and which is the softest 
mineral of the scale that can be used to scratch the new 
mineral. If for example cryolite is tested, one finds that 
this mineral scratches only tale and gypsum but can be 
scratched by calespar and all the others, Its hardness 
is between 2 and 3. 

Applying the same principle to his optical glasses, 
Auerbach found that they all scratch each other. Even 
his hardest glass could be scratched by a soft lead sili- 
cate. It becomes impossible, therefore, to adopt a hard- 
ness scale for glasses based on scratching. 

There are other methods for determining the hardness 
of glasses and minerals, One developed by A. Martens” 
and used by Gehlhoff and Thomas for measuring the 
hardness as a function of the glass composition is based 
on the width of a scratch made by a diamond under 
standardized conditions. Another method (Rosiwal)™ 
measures the abrasion of the material under reproducible 
conditions, The most modern instrument for measuring 
the indentation hardness has been developed by Knoop, 
Peters and Emerson.” Several methods are in use which 
give fairly reproducible results, but no two methods can 
be compared as far as their absolute values are con- 
cerned. It became customary to speak of abrasion-, inden- 
tation-, crushing- and scratch-hardness. 

As far as the cooperation of chemical forces is con- 
cerned, one can expect that it will be most pronounced 
in the abrasion-hardness and in the scratch-hardness and 
least effective in crushing and indentation. Let us first 
discuss the findings of Auerbach that glasses scratch each 
other in spite of their hardness values as measured by 
the Auerbach method. From the work of W. B. Hardy 
and J. K. Hardy*® we can deduce that the mutual scratch- 
ing of two glasses is not a mere mechanical phenomenon 
but involves the formation as well as the breakage of 
chemical bonds. These authors proved that the high 
friction of two clean glass surfaces sliding over one 
another is caused by seizure. The two glasses com- 
bine under slight pressure so that the forces between the 
two glasses are identical with those cohesion forces 
which in each glass hold the units together. Pulling one 

’ (Continued on page 152) 
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MM of glass ¢ 10 Blanchard Surface Grinders have made 
20 within : 

reticles remarkable records of production and ac- 
curacy in the optical industry. It is no ex- 
aggeration to say that Blanchard Grinding 
has revolutionized the grinding of flat sur- 
faces on prisms, lenses, reticles, filters, win- 

dows, and jewel bearings. 


Quartz wafers, used in radio frequency 
control, are ground to a finish and accuracy 
that prepare them for the final lapping, 
tumbling, oretching operation; also ceramic 
parts for radio condensers, insulators, and 
other parts where accuracy and high pro- 
duction are desirable. 


Send for your free copy of “Work . 
Done on the Bla ”, third 
edition. This new book shows 
over 100 actual jobs \ where the 
Blanchard Principle is earning 
profits for Blanchard owners. 


eS The BLANCHARD macHiINE COMPANY 


64 STATE STREET CAMBRIDGE 39, MASS U. 3. A 
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glass over the surface of the other causes breakage of 
the bonds but not necessarily only of those acting be- 
tween the two glasses, As a result a scratch is formed 
by pulling out small glass particles. These fine particles 
may recombine with the fresh glass surface in a dis- 
orderly way. J. Bailey,”* who confirmed the findings of 
W. B. Hardy and J. K. Hardy,** states, “The material 
which has been removed has been ground to fine powder 
that adheres firmly to the abraded surface, so firmly, in 
fact, that it cannot be washed off with soap and water.” 

J. Bailey™ made a very thorough investigation of the 
scratch resisting power of glass and developed a method 
to measure it. He pointed out that scratching a glass 
can be an abrasion or a crushing of the surface. In 
most cases the two kinds are more or less closely: asso- 
ciated and the experimental conditions such as the speed 
of scratching determine which of the two will dominate. 
Of particular interest are his remarks concerning the 
scratching of glass and its abrasion hardness which shall 
be quoted literally. 

“Grinding experiments show that quartz glass and 
glass containing large amounts of silica and B,O, are 
the most difficult to grind. The ball test shows that 
these types are really softer than most other glasses. 
The reason for this is apparent if a fresh scratch made 
. with a diamond is observed under a microscope. The 
scratch in quartz glass, once made, undergoes almost no 
change. The initial fractures do not extend nor does 
any appreciable amount of material fly out of the 
scratch. The same applies to a considerable extent in 
the case of high B,O, glasses. With glasses of the con- 
ventional window-glass and bottle types, the initial 
scratch is small, but pieces begin to fly out of the body 
of the glass along the sides of the scratch almost at once, 
and this process continues for a period of several min- 
utes, at the end of which time vastly more glass has been 
loosened than was initially cracked or apparently injured 
by the scratch. The ability of a material to resist abra- 
sion, as in grinding, is a measure of its work-absorbing 
power rather than its true hardness.” 

From our previous discussion concerning the influence 
of the environment on the strength of glass we learned 
that abrasion by grinding the glass in the presence of 
water is not any more a purely mechanical process but 
is aided by hydrolysis. As an example we quoted the 
work of K. von Stoesser,®? who determined the abrasion 
of glass in air, water or paraffin oil (see Fig. 4). Based 
on this concept, one may conclude that the abrasion 
hardness of glass is not only a function of the cohesive 
forces (strength) and the elastic properties but must be 
greatly influenced by the chemical resistivity of the glass 
and by the environment. 

This concept agrees with the observations that glasses 
of high chemical resistivity such as silica, borosilicates 
and high alumina glasses are harder to grind than other 
glasses which may have a higher indentation hardness. 

We can express the cooperation of mechanical and 
chemical forces in a general way and say that the work 
needed for creating the larger surface consists of the 
mechanical work necessary to break the primary bonds 
minus the energy gained by the reaction of the new sur- 
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face with its environment. In the presence of water the 
latter is called hydrolysis. A similar effect is obtained 
by the adsorption of other molecules and we may safely 
deduce, that the energy liberated depends on the natur 
of these molecules, especially their polarizability and 
their dipole moment, 

W. v. Engelhardt’* determined the abrasion hardness 
of the mineral quartz in various liquids and his findings 
are in good agreement with our picture. If one sets the 
abrasion hardness of quartz in water equal to 100 units, 
one finds a hardness of 109 in the non-polar hexane and 
the much lower hardness of 67 in n-butanol. The same 
author found that the grinding of quartz becomes more 
difficult if benzene is used instead of water and easier if 
acetone or nitrobenzene is used. 

A rough estimate of the chemical or polarization 
energy available for the participation in the abrasion 
process can be made from the heat of wetting by thes 
liquids. F, E, Bartell and E. G, Almy® studied the 
energy of immersion of silica in a series of liquids and 
found that hexane has the lowest and acetone the high- 
est heat of wetting; water gives an intermediate value, 
This is in agreement with the observations of v. Engel- 
hardt’* on the apparent abrasion hardness in these 
media. 

From a practical point of view water will still remain 
the most important grinding medium. There are eco 
nomic and technical reasons why it is not advisable to 
replace water by acetone or one of the higher alcohols. 
It is known, however, that chemical attack of water on 
glass can be accelerated or greatly slowed down by add. 
ing certain chemicals to the water. The corrosive action 
of phosphates on glass, which is probably due to the 
formation of a soluble silico-phosphate anion, has been 
recorded by J. B. Brown and A, S. Watts.”* It would be 
worth while to investigate whether or not the addition 
of some phosphates to the grinding liquid could make 
the operation more effective. 

There are other situations where it is desirable to 
keep the abrasion to a minimum, for example, in the 
automatic bottle washing machinery. 

Through the courtesy of Dr. William C. Cooper, Re- 
search Chemist of the G. J. Meyer Manufacturing Com- 
pany, Milwaukee, Wisconsin, the writer obtained a de- 
tailed report on the use of sodium aluminate as anti- 
scuffing combination. This report, which is based on 
research in the laboratory of this company, and infor- 
mation received from customers concerning the cleaning 
solutions, brings out two very interesting facts: (a) Ad- 
dition of phosphates (trisodium phosphate) increases 
both chemical attack and mechanical abrasion. (b) Ad- 
dition of aluminates decreases both chemical attack and 
mechanical abrasion (marring of the outside of the 
bottles). 

The effect of aluminates was: discovered incidentally. 
It has been found that bottles with labels of metallic alu- 
minum were not marred and scuffed as strongly as un- 
labeled bottles, or those which had vitreous enamel 
labels. The next step was the addition of aluminum 
and its compounds to the washing solution. The same 
protective action could be observed. Even though these 
facts were well established by laboratory experiments 
and corroborated by practical experience, it was impos- 


(Continued on page 154) 
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Meyercord’s NEW Catalog for 
Decal Decoration of Your Product 


Your new Decal Decoration Guide is now available! 


See the complete 1946 line of Decals for product decorations, presented 
with suggestions for use. Included are popular favorites with proven 
sales records, as well as fresh new patterns with sparkling eye-appeal. 


Most of the new patterns shown will be available this spring and a plenti- 
ful supply will be maintained throughout the year. You can reserve the 
stock patterns best suited to your product by making an early selection. 


Meyercord Co. wishes to thank its friends for their patient co-operation 
in awaiting the new 1946 line of Meyercord Decals for product decorations. 


Send for your copy of Meyercord’s new catalog of Decal decorations .. . 
now. Make selections early to assure design reservation and delivery. 
Please send your request to Department 20-2 for prompt attention. 
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sible to give a satisfactory explanation. The one link 
which was missing was the picture that abrasion and 
scuffing are mechanico-chemical processes. 

If we look on the marring of bottles from the view- 
point developed in this treatise, namely, that chemical 
forces and mechanical reactions can aid the mechanical 
forces, the invention of W. C. Cooper™ can be readily 
explained. 

The attack of glasses by alkaline media has been thor- 
oughly studied by W. Geffcken.** According to his find- 
ings, the presence of aluminate ions even in extremely 
low concentration slows down the elementary process of 
breaking Si-O-Si bonds by the H,O molecules. 

The apparent reduction of the surface hardness of 
bottles in the presence of phosphates finds its explana- 
tion in the cooperation of phosphate ions and alkali in 
breaking the Si-O-Si bond. The phenomenon has not 
yet been investigated with the same thoroughness as the 
role of aluminum, but the facts are well known. 

L. F. Rowe made some very interesting observations 
during his studies of the mechanism of glas; polishing 
which can now be explained on the same basis a3 the 
anti-scuffing effect of the sodium aluminate. 

For glasses which were polished with rouge (ferric 
oxide), it had been established that the rate of polishing 
is fairly constant. If we express the efficiency of a pol- 
ishing agent by the amount of glass removed from a 
given surface area in a certain period of time, we find 
that under standardized conditions rouge removes a 
quantity of glass which is independent of the duration 
of the polishing process. For example, L. F. Rowe 
found that for a certain glass 71 mg were removed in 
the first ten minutes of the polishing process. Continu- 
ation of the polishing process and measuring the re- 
moval after the second, third and fourth ten minute in- 
tervals gave the following results: 


Rouge: 


Glass removal after the first ten minutes: 
Glass removal after the second ten minutes: 
Glass removal after the third ten 
Glass removal after the fourth ten 


mg 
> mg 
minutes: mg 
minutes: mg 


Metakaolin as a polishing agent in the first run gave 
about the same value es rouge, but with prolonged pol- 
ishing the giass apparently became harder because the 
efficiency cf the polishing operation seemed to decrease, 
as can be seen from the following figures: 


Metakaolin: 


Glass removal after the first ten minutes: 75 ms 
Glass removal after the second ten minutes: 65 mg 
Glass removal after the third ten minutes: 35 m 


As the process was continued with fresh unused pol- 
ishing agent, these figures prove that the glass surface 
must have undergone a change. 
an aluminum silicate, which in its structure resembles 
kaolin, breaks down under the combined influence of 


The polishing agent. 


mechanical friction and chemical reaction. The meta- 
kaolin reacts with the water and the alkali which has 
been leached out of the glass. This surface decomposi- 
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tion of the metakaolin provides aluminum ions or sodium 
aluminate, which in turn reacts with the glass surface 
and makes the latter more resistant. The increased chem. 
ical resistivity of the glass surface reflects on its abra. 
sion hardness. 

Another way to demonstrate the influence which pol. 
ishing a glass with metakaolin exerts on its abrasion 
hardness is to continue the operation with other polish. 


ing materials such as rouge or cerium oxide. L. F. Rowe 
polished glasses with metakaolin for twenty minutes 
and then continued the operation with rouge. In ten 
minutes rouge removed an additional 63 mg, which is 
about 15 per cent less than it would from a freshly 
ground rouge polished specimen, 

Cerium oxide that under these standardized conditions 
will remove from 110 to 120 mg of glass within ten min- 
utes when the glass was either ground or polished with 
rouge, was found to remove only 97 mg from a speci- 
men which had been polished with metakaolin. 

The retarding effect which aluminate ions exert on 
polishing can be directly proven by using a suspension 
of rouge in aqueous solutions of different salts. L. F. 
Rowe compared various concentrations of aluminum., 
zinc-, and ferrous sulphate solutions containing 3.5 per 
cent rouge in suspension. Again we characterize the rate 
of polishing by the milligrams of glass removed within 
10 minutes. 


Concentration 
of the salt Al. (SO,), ZnSO, FeSO, 
0.01 72 66 73 
0.1 74 72 76 
1.0 39 83 77 
2.0 29 80 72 
5.0 18 62 64 


The use of a 5 per cent aluminum sulfate solution as 
a carrier for the rouge slows down the polishing rate to 
one-fourth of that in pure water. As compared with the 
aluminum salt, the addition of zinc or ferrous ions have 
only a minor effect. In order to evaluate these experi- 
ments further, the influence of the additions upon the 
acidity of the polishing medium has to be taken into 
consideration. 

These results establish the fact that polishing and 
grinding can be fully understood only if they are treated 
as mechanico-chemical operations, 


VIII. Summary and Conclusions 

The title of this treatise might have been “The Chem- 
istry of the Mechanical Strength of Matter.” It treats 
the strength problems principally from a chemical point 
of view. An attempt is made to coordinate various well 
established phenomena and to unveil the mysteries which 
in the past surrounded the mechanical strength of glass. 

Glass as a material is taken out of its isolation and 

brought into a position where its strength properties can 

be understood and compared with those of other mate- 
rials. 

In order to compare glasses with other materials one 
has to know the following facts and principles: 

a. Mechanical strength is a structure sensitive property. 
Especially with brittle materials the influence of 
flaws on the tensile strength is so dominating, that 
it is not possible to correlate mechanical strength 


THE GLASS INDUSTRY 











sodium 
surface 

chem. 
; abra. 































































h pol- 
Tasion 


polish. 


Rowe 
‘inutes 
in ten 
ich is 
reshly 


itions 
| min- 
| with 
speci- 


rt on 
nsion 
L. F, 
1umM-, 
> per 
: rate 
‘ithin 


eSO, 
73 
76 
(7 
12 
4 


n as 
le to 
the 
lave 
eri- 


the 


into 


and 
ited 


em- 
sats 
int 
ell 
ich 
iss. 
ind 
an 
ite- 


ne 
of 


at 


th 


with average intermolecular forces. 

Strength resembles, to a certain extent, the electric 
conductivity of glasses at low temperature; it de- 
pends on the weakly bonded constituents. It differs 
fundamentally from properties like the refractive 
index, which is the result of the interactions of light 
waves with all constituents of the glass. 


b. Flaws are present in all solids. Depending on their 
shape, size and orientation, they produce local 
stresses under tension which may exceed many times 
that of the stress calculated from load and cross 
section. 

c. Surface flaws are the most dangerous, This is due 
chiefly to the chemical reaction with the environment, 
water, oxygen or corrosive gases, which aids in the 
propagation of a crack, as well as to the local stress 
at the apex of a surface flaw which is twice that pro- 
duced by a corresponding flaw in the interior. 

d. The influence which flaws exert on the strength of 
matter decreases with increasing ductility. No dis- 
tinct border line exists, but glasses and three dimen- 
sional polymers at Jow temperature form the one 
extreme; linear polymers and ductile metals, the 
other. 


e. Propagation of a surface crack cannot proceed 
through a zone prestressed under compression. 

f. The influence which temperature exerts on the tensile 
strength is the result of three major factors: 


(1) Increasing thermal vibrations help to sever 
bonds which are under mechanical tension. 

(2) The mobility of the building units, ions, atoms 
or molecules increases with increasing tempera- 
ture. This aids the dissipation of local stresses 
by diffusion and plastic deformation, but it also 
aids failure of the material due to deforma- 
tion (Creep). 

(3) In those cases where the material under tension 
reacts chemically with the environment (chem- 
ical fatigue), the influence of temperature on 
both reaction rate and chemical equilibrium has 
to be taken into consideration. 

g. The ductility, and with it the behavior toward flaws, 
of some materials changes under the influence of 
mechanical vibrations (work hardening). In this 
case the strength value found for oscillating stresses 
is lower than that found by static tests (fatigue of 
metals) . 


With the knowledge of these characateristic features 
of the mechanical strength, one can explain the reasons 
why the microstrength of glass is so much higher than 
its macrostrength. If the volume under tension is small, 
the chance that it will include a dangerous flaw is small. 
too, The variation encountered if a specimen of glass 
is tested by different methods explains itself on the same 
basis. 

For brittle materials the strength increases with in- 
creasing temperature because ductility increases, and 
the influence of the flaws become: less important. 

The participation of chemical reactions in mechanical 
fracture provides an interesting starting point for future 
research, This treatise has been prepared chiefly be- 
cause of the need of better understanding the mechanical 
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properties of glasses. It seems very likely that their 
explanation can aid the metallurgists, especially those 
interested in corrosion fatigue and surface treatment of 
metals, 

The aim of the paper is to explain the strength proper- 
ties of glass. Chemical phenomena were discussed only 
so far as they were considered pertinent to this aim. To 
the chemist it is of interest to learn that mechanical and 
chemical forces can cooperate. 

This cooperation accounts for several phenomena 
which could not be explained previously. Outstanding 
among these are the influence of the liquid medium on 
the abrasion hardness of glass, the lack of correlation 
which exists between abrasion- and indentation-hardness 
and the beneficial effect of aluminate on the prevention 
of marring and scuffing of bottles in automatic wash- 
ing machines. 

The principle of cooperation between chemical and 
mechanical forces may shed light on the relationship 
between glass composition and hardness as well as pro- 
vide a new viewpoint for further studie:. According to 
the work of G. Gehlhoff and M, Thomas,” boric oxide 
stands out among the more usual minor additions in im- 
proving the hardness, Aluminum and zinc oxide, too, 
seem to have a beneficial effect. One might easily sus- 
pect that there is some correlation between their effect 
on hardness and on the chemical resistivity. 

Among the less usual additions beryllium oxide is an 
outstanding example. The addition of beryllium oxide 
for improving the scratch resistance of glasses has been 
patented by F. Eisenloeffel.“° In a very thorough and 
extensive investigation of the effect of beryllium oxide 
on chemical and physical properties of glasses, C. A. 
Becker*! emphasizes the strong beneficial influence of 
this oxide on both scratch hardness and chemical re- 
sistivity of soda-lime silicate glasses. 

Little is known about the influence of mechanical 
stresses, tension and compression, on the rate of chem- 
ical reactions. There is no reason why this influence 
should be restricted to hydrolysis. It had been found 
that the reduction of a heavy lead glass by furnace gases 
leading to metallic lead proceeded faster in the inside of 
an unannealed cylinder than at the outside. This obser- 
vation was made by A. Lecrenier, P. Gilard and L. 
Dubrul.*? in the Val-Saint-Lambert Glass Works. In 
our laboratory similar observations were made when 
studying surface reactions of glass samples which were 
drawn into fibers and, consequently, were under strong 
compression. One has to be very careful, however, with 
the interpretation of these phenomena, as our work also 
proved that several factors may cause chemical changes 
in the glass surface. 
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DOMINION GLASS APPOINTS OFFICERS 


Dominion Glass Company of Toronto, Canada, has 
recently announced the appointment of F. N. Dundas as 
Secretary and Assistant Comptroller. Mr. Dundas was 
formerly Assistant Secretary and this office has now been 


taken over by T. B. King. 


At the same time, it was announced that J, Wallace 


has been appointed Comptroller, which position he will 
hold in addition to his present office as Treasurer. Mer- 
vyn Offer, with the company for 32 years, has retired 
as Comptroller and Secretary and will serve as a con- 
sultant to the General Manager. 
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CENSUS BUREAU RESUMES RELEASE 
OF GLASS INDUSTRY DATA... 


(Continued from Page 132) 


effect upon the comparability of the statistics for the two 
periods, since they account for less than one-half of one 
per cent of the total glass production reported in this 
survey. 

Some duplication occurred in the reported figures, 
because in a few cases quantities reported as primary 
glass were subsequently further fabricated and reported 
a second time in another category. This duplication was 
most pronounced in the flat and laminated glass figures. 
Smal! quantities probably were duplicated in the data 
for optical and ophthalmic glass and certain other types 
of glass as well. 

The figures on laminated glass include quantities pro- 
duced by glass manufacturing companies only, They 
do not include the data of companies that purchase flat 
glass for lamination. The laminated glass statistics, 
therefore, are somewhat understated. The total glass 
tonnage of the industry, however, is not affected by the 
understatement in the laminated glass figures, because 
the quantities of glass used by establishments acting as 
laminators only are included in the figures for window 
and plate glass shown in Table 1. 





Table 3—CAPACITY OF GLASS MELTING UNITS AS OF 
JUNE 30, 1942, CLASSIFIED BY TYPE OF UNIT 








TYPE OF MELTING UNIT 


Unitof Pot Day Continuous 
measure furnaces tanks tanks 





Units installed as of June 
194: 


Do ciste ables wsurece Number 202 282 610 

Number of pots.......... Number 1,536 — -- 
Annual production of finished 
product at June 1942 rate 

of operations........... Tons 79,672 35,000 5,089,524 


Potential annual capacity of 


present equipment !:? .. Tons 143,012 97,478 6,281,694 











' In terms of finished product. 

* Respondents were asked to estimate potential capacity of 
melting and finishing equipment on the basis of continuous 
operations with time out for only necessary repairs and main- 
pees. and assuming sufficient raw materials, labor, and 
uel. 





Table 4.-FUEL AND POWER CONSUMPTION IN PRIMARY 
im GLASS PLANTS, 1941 AND FIRST HALF OF 1942 








Unit of 
a ITEM pret Total 
COAL CONSUMPTION: 
ee ccs caine + bce Tons 1,008,275 
Pins BO, FOUN s. os caovcdess Tons 543,702 
OIL CONSUMPTION: 
Re pea rrarae Gallons 81,830,437 
Firet half, 1942................ Gallons 46,469,480 
GAS CONSUMPTION 
(ex. producer gas) : 
pc Re anes Pee eo M cu. ft. 83,374,751 
Pitet Bale; 2942, . od. oi icseeses M cu. ft. 38,492,204 
ELECTRIC POWER CONSUMP. 
TION: 
ROM Nis ids ds vise Usucace KWH 1,083,010,350 
Ee eee KWH 1 527,989,567 
Produced in plant............ KWH 82,858,803 
CSET SERS PO KWH 444,569,164 








! Total includes electric power not allocated by source. 
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INVENTIONS AND INVENTORS ... 
(Continued from page 148) 


at which it enters, the tube collapses on the former 7 
and is given an accurate diameter and smooth interior 
surface. 

When the external surface is to be corrected, a hol. 
low cylindrical former is substituted for the former 7 
and air pressure is substituted for the vacuum, Thus 
the tube will be drawn through the shaping die while 
being heated and the internal air pressure will expand 
it against the surface of the die. It is recommended that 
the surface of the tube to be treated be coated with 
colloidal graphite, which acts as a lubricant. 

Patent No, 2,394,115 was assigned to Forter-Teich. 
mann Company of Pittsburgh by Harold H, Snyder. The 
patent shows a machine for shaping the ends of glass 
tubes for use in lighting by luminous vapor. The ma. 
chine is comprised of a pair of shafts on opposite ends of 
a table, each shaft carrying a pair of sprockets around 
which is positioned a conveyor chain. Provision is 
made for intermittently driving the chain so as to ad 
vance the tubes step by step to a series cf working sta- 
tions. The first stations heat both ends of the tube pre. 
paratory to the forming operation. At a subsequent sta- 
tion the tubes are positioned and both ends are shaped 
by a forming device shown in section in Fig. 6. 

\s shown in the figure, a standard 1 carrie; a form. 
ing device to shape the end of the tube L, there being a 
similar forming device on the other end of the tube, 
Kach forming device comprises a slide 47 and a slide 49, 
Relative movement between these slides actuates the posi- 
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Fig. 6. Machine for Shaping Luminous Vapor Tubes, Pat. 
Ne. 2,394,115. 
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cam 56, A spring 57 urges the slide to the right. The 
head carries a mandrel 63 which enters the end of the 
tube. The slide 49 is actuated by mechanism including 
racks 90 and 91 and a pinion 92, the arrangement being 
such that the two slides may move in unison or independ- 
ently. After the tube has come to rest, the mandrel 63 
enters its end. Then clamps 80 are actuated by a rela- 
tive movement of the 
slides 47 and 49 to accu- 
rately position the tube 
and to stop its rotation 
./ for the purpose of uni- 
formly heating the ends 
at a prior work station. 
Next the rollers 74 (of 
which there are three) 
move in ergagement with 
the end of the tube, 
against which they are 
held by springs 75. These 
rollers are rotating about 
the axis of the mandrel 
63 so that the end of the 
tube is pressed against the 
mandrel and shaped to 
conform to the contour of 
the rollers 74. 

Patent No, 2,394,138 is an invention of a glass cutter 
by Richard C, Barrett of Bristol, Connecticut. The par- 
ticular feature of this glass cutter is that the -cutting 
disc rotates about an axis at an angle to the surface 
of the glass being cut. This may be accomplished either 
by mounting the shaft on which the dise revolves at an 
angle or having the shaft parallel to the glass and pro- 
viding an enlarged hole in the cutter so that it will tilt 
at an angle to the shaft. 

As shown in Fig. 7, the handle 1 is slotted to receive 
the cutting disc 12, and the shaft 14 on which the disc 
is mounted is set at a slight angle to the longitudinal 
axis of the handle. 

It is stated that this construction will prevent wobbling 
of the cutter disc and aid in manipulating the cutter so 
that it will follow a straightedge 21 with greater ease. 


a 














Fig. 7. Glass Cutter, 
Pat. No, 2,394,138. 


PENN SALT ANNOUNCES 
RETIREMENT PLAN 


The Pennsylvania Salt Manufacturing Company has an- 
nounced a company-financed retirement program which 
will affect all employees in its plants and offices from 
coast to coast. 

The plan is immediately effective and will provide for 
the retirement of all employees, from officers down, at 
the age of 65, unless otherwise specifically ordered by 
the Board of Directors. 

Under the retirement plan, employees will be eligible 
for monthly payments of one and half percent of the 
highest annual pay in the three years preceding retire- 
ment, multiplied by years of service. Maximum monthly 
payments will be 40 percent of the highest annual pay 
less an amount equal to Social Security benefits, The 
company reserves the right to modify or discontinue the 
benefits if circumstances warrant such action. 
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Glass inspection polariscope 


Polarizing field is of 6” diameter. The analyzing 
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It can be swung to any position from the vertical to 
the horizontal. 


Send for descriptive bulletin 
THE POLARIZING INSTRUMENT CO., INC. 


41 EAST 42nd STREET NEW YORK CITY, 17 
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